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THE  INSTITUTION  OF  MECHANICAL  ENGINEEK8. 


gUmoraiibum  of  ^association. 

August  1878. 

1st.  The  name  of    the  Association    is   "  The    Institution    op 
MECHANicAii  Engineers." 


2nd.  The  Registered  Office  of  the  Association  will  be  situate  in 
England. 

3rd.  The  objects  for  which  the  Association  is  established  are : — 

(a.)  To  promote  the  science  and  practice  of  Mechanical 
Engineering  and  all  branches  of  mechanical  construction, 
and  to  give  an  impulse  to  inventions  likely  to  be  useful  to  the 
Members  of  the  Institution  and  to  the  community  at  large. 

(b.)  To  enable  Mechanical  Engineers  to  meet  and 
to  correspond,  and  to  facilitate  the  interchange  of  ideas 
respecting  improvements  in  the  various  branches  of 
mechanical  science,  and  the  publication  and  communication 
of  information  on  such  subjects. 

(c.)  To  acquire  and  dispose  of  property  for  the  purposes- 
aforesaid. 

(d.)  To  do  all  other  things  incidental  or  conducive  ta 
the  attainment  of  the  above  objects  or  any  of  them. 
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4th.  The  income  and  property  of  the  Association,  from  whatever 
source  derived,  shall  he  applied  solely  towards  the  promotion  of 
the  objects  of  the  Association  as  set  forth  in  this  Mcmorandmn  of 
Association,  and  no  portion  thereof  shall  he  paid  or  transferred 
directly  or  indii-ectly,  by  way  of  dividend,  bonus,  or  otherwise 
howsoever,  by  way  of  profit  to  the  persons  who  at  any  time  are 
or  have  been  Members  of  the  Association,  or  to  any  of  them,  or 
to  any  person  claiming  through  any  of  them  :  Provided  that 
nothing  herein  contained  shall  prevent  the  payment  in  good  faith 
of  remuneration  to  any  officers  or  servants  of  the  Association,  or 
to  any  Member  of  the  Association,  or  other  person,  in  return  for 
any  services  rendered  to  the  Association,  or  prevent  the  giving  of 
privileges  to  the  Members  of  the  Association  in  attending  the 
meetings  of  the  Association,  or  prevent  the  borrowing  of  money 
(under  such  powers  as  the  Association  and  the  Council  thereof  may 
possess)  from  any  Member  of  the  Association,  at  a  rate  of  interest 
not  greater  than  five  per  cent,  per  annum. 

5th.  The  fourth  paragraph  of  this  Memorandum  is  a  condition 
on  which  a  licence  is  granted  by  the  Board  of  Trade  to  the 
Association  in  pursuance  of  Section  23  of  the  Companies  Act  1867. 
For  the  purpose  of  preventing  any  evasion  of  the  terms  of  the 
said  fourth  paragraph,  the  Board  of  Trade  may  from  time  to  time, 
on  the  application  of  any  Member  of  the  Association,  impose  further 
conditions,  which  shall  be  duly  observed  by  the  Association. 

6th.  If  the  Association  act  in  contravention  of  the  fourth 
paragrai)h  of  this  Memorandum,  or  of  any  such  further  conditions, 
the  liability  of  every  Member  of  the  Council  shall  be  unlimited  ; 
and  the  liability  of  every  Member  of  the  Association  who  has  received 
any  such  dividend,  bonus,  or  other  profit  as  aforesaid,  shall  likewise 
be  imlimitcd. 

7th.  Every  Member  of  the  Association  undertakes  to  contribute 
to  the  Assets  of  the  Association  in  the  event  of  the  same  being 
wound  up  during  the    time   that   ho  is   a   Member,   or   within   one 
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year  afterwards,  for  payment  of  the  debts  and  liabilities  of  the 
Association  contracted  before  the  time  at  which  he  ceases  to  be 
a  Member,  and  of  the  costs,  charges,  and  expenses  for  winding  up 
the  same,  and  for  the  adjustment  of  the  rights  of  the  contributories 
amongst  themselves,  such  amoimt  as  may  be  required  not  exceeding 
Five  Shillings,  or  in  case  of  his  liability  becoming  unlimited  such 
other  amount  as  may  be  required  in  pursuance  of  the  last  preceding 
paragraph  of  this  Memorandum. 

8th.  If  upon  the  winding  up  or  dissolution  of  the  Association 
there  remains,  after  the  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or  distributed 
among  the  Mem]?ers  of  the  Association,  but  shall  be  given  or 
transferred  to  some  other  Institution  or  Institutions  having  objects 
similar  to  the  objects  of  the  Association,  to  be  determined  by  the 
Members  of  the  Association  at  or  before  the  time  of  dissolution ;  or 
in  default  thereof,  by  such  Judge  of  the  High  Court  of  Justice  as  may 
have  or  acquire  jurisdiction  in  the  matter. 
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^.rticlts  of  §.ssofhilion. 


Febhuabt  1893. 


INTEODUCTION. 

Whereas  an  Association  called  "  The  Institution  of  Mechanical 
Engineers"  existed  from  1847  to  1878  for  objects  similar  to  the 
objects  exjjressed  in  the  Memorandum  of  Association  of  the 
Association  (hereinafter  called  "the  Institution")  to  which  these 
Articles  ap2)ly ; 

And  whereas  the  Institution  was  formed  in  1878  for  furthering 
and  extending  the  objects  of  the  former  Institution,  by  a  registered 
Association,  vmder  the  Companies  Acts  18G2  and  1867 ; 

And  whereas  terms  used  in  these  Articles  are  intended  to  have 
the  same  respective  meanings  as  they  have  when  used  in  those  Acts, 
and  words  implying  the  singular  number  are  intended  to  include 
the  jilural  number,  and  vice  versa  ; 

Now  THEREFORE  IT  IS  HEREBY  AGREED  aS  follows  : — 

CONSTITUTION. 

1.  For  the  purpose  of  registratiun  the  number  of  members  of 
the  Institution  is  unlimited. 

MEMBERS,    ASSOCIATE    MEMBERS,    GRADUATES, 
ASSOCIATES,  AND  HONORARY  LIFE  MEMBERS. 

2.  The  i)rcscnt  Members  of  the  Institution,  and  such  other  persons 
as  shall  be  admitted  in  accordance  with  these  Articles,  and  none 
others,  sliall  bo  Members  of  tho  Institution,  and  be  entered  on  the 
register  as  such. 
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3.  Any  person  may  become  a  Member  of  the  Institution  who 
shall  be  qualified  and  elected  as  hereinafter  mentioned,  and  shall 
agree  to  become  such  Member,  and  shall  pay  the  entrance  fee  and 
first  subscription  accordingly. 

4.  The  qualification  of  Members  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

5.  The  election  of  Members  shall  be  conducted  as  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

6.  In  addition  to  the  persons  already  admitted  as  Graduates, 
Associates,  and  Honorary  Life  Members  respectively,  the  Institution 
may  admit  such  persons  as  may  be  qualified  and  elected  in  that 
behalf  as  Associate  Members,  Graduates,  Associates,  and  Honorary 
Life  Members  respectively  of  the  Institution,  and  may  confer  upon 
them  such  privileges  as  shall  be  prescribed  by  the  By-laws  from 
time  to  time  in  force,  as  provided  by  the  Articles:  provided  that  no 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member 
shall  be  deemed  to  be  a  Member  within  the  meaning  of  the  Articles. 

7.  The  qualification  and  mode  of  election  of  Associate  Members, 
Graduates,  Associates,  and  Honorary  Life  Members  shall  be  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 

8.  The  rights  and  privileges  of  every  Member,  Associate  Member, 
Graduate,  Associate,  or  Honorary  Life  Member  shall  be  personal  to 
himself,  and  shall  not  be  transferable  or  transmissible  by  his  own  act 
or  by  operation  of  law. 

EXTEAXCE  FEES  AND  SUBSCRIPTIONS. 

9.  The  Entrance  Fees  and  Subscriptions  of  Members,  Associate 
Members,  Graduates,  and  Associates  shall  be  prescribed  by  the  Bv- 
laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 
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EXPULSION. 


10.  K  any  Member,  Associate  Member,  Graduate,  or  Associate 
shall  leave  his  subscription  in  arrear  for  two  years,  and  shall  fail  to 
pay  such  arrears  -within  three  months  after  a  written  application  has 
been  sent  to  him  by  the  Secretary,  his  name  may  be  struck  oft" 
the  register  by  the  Council  at  any  time  afterwards,  and  he  shall 
thereupon  cease  to  have  any  rights  as  a  Member,  Associate  Member, 
Graduate,  or  Associate,  but  he  shall  nevertheless  continue  liable  to 
pay  the  arrears  of  subscrijition  due  at  the  time  of  his  name  being  so 
struck  off:  provided  always  that  this  regulation  shall  not  be 
construed  to  compel  the  Council  to  remove  any  name,  if  they  shall  be 
satisfied  the  same  ought  to  be  retained. 

11.  The  Council  may  refuse  to  continue  to  receive  the 
subscriptions  of  any  person  who  shall  have  wilfully  acted  in 
contravention  of  the  regulations  of  the  Institution,  or  who  shall 
in  the  opinion  of  the  Council  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  continue  to  belong  to  the 
Institution ;  and  may  remove  his  name  from  the  register,  and  he 
shall  thereupon  cease  to  be  a  Member,  Associate  Member,  Graduate, 
or  Associate  (as  the  case  may  be)  of  the  Institution. 

GENERAL  MEETINGS. 

12.  The  General  Meetings  shall  consist  of  the  Ordinary  Meetings, 
the  Annual  General  Meeting,  and  of  Special  Meetings  as  hereinafter 
defined. 

13.  The  Annual  General  Meeting  shall  take  place  in  London  in  ont 

of  the  first  four  months  of  every  year.     The  Ordinary  Meetings  shall 
take  place  at  such  times  and  places  as  the  Council  shall  determine. 

14.  A  Special  Meeting  may  be  convened  at  any  time  by  the 
Council,  and  shall  be  convened  by  them  whenever  a  requisition 
signed  by  twenty  Members  or  Associate  Members  of  the  Institution, 
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specifying  the  object  of  the  Meeting,  is  left  witli  the  Secretary.  If 
for  fourteen  days  after  the  delivery  of  such  requisition  a  Meeting  be 
not  convened  in  accordance  therewith,  the  Eequisitionists  or  any 
twenty  Members  or  Associate  Members  of  the  Institution  may  convene 
a  Special  Meeting  in  accordance  with  the  requisition.  All  Special 
Meetings  shall  be  held  in  London. 

15.  Seven  clear  days'  notice  of  every  Meeting,  specifying  generally 
the  nature  of  any  special  business  to  be  transacted  at  any  Meeting, 
shall  be  given  to  every  person  on  the  register  of  the  Institution,  except 
as  provided  by  Article  35,  and  no  other  special  business  shall  be 
transacted  at  such  Meeting  ;  but  the  non-receij^t  of  such  notice  shall 
not  invalidate  the  proceedings  of  such  Meeting.  No  notice  of  the 
business  to  be  transacted  (other  than  such  ballot  lists  as  may  be 
requisite  in  case  of  elections)  shall  be  required  in  the  absence  of 
special  business. 

16.  Special  business  shall  include  all  business  for  transaction  at  a 
Special  Meeting,  and  all  business  for  transaction  at  every  other 
Meeting,  with  the  exception  of  the  reading  and  confirmation  of  the 
Minutes  of  the  previous  Meeting,  the  election  of  Members,  Associate 
Members,  Graduates,  and  Associates,  and  the  reading  and  discussion 
of  communications  as  prescribed  by  the  By-laws,  or  by  any  regulations 
of  the  Council  made  in  accordance  with  the  By-laws. 

PEOCEEDINGS  AT  GENEEAL  MEETINGS. 

17.  Twenty  Members  or  Associate  Members  shall  constitute  a 
quorum  for  the  purpose  of  a  Meeting  other  than  a  Special  Meeting. 
Thirty  Members  or  Associate  Members  shall  constitute  a  quorum  for 
the  purpose  of  a  Special  Meeting. 

18.  If  within  thirty  minutes  after  the  time  fixed  for  holding  the 
Meeting  a  quorum  is  not  present,  the  Meeting  shall  be  dissolved,  and 
all  matters  which  might,  if  a  quorum  had  been  present,  have  been 
done  at  a  Meeting  (other  than  a  Special  Meeting)  so  dissolved,  may 
forthwith  be  done  on  behalf  of  the  Meeting  by  the  Council. 
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19.  The  President  shall  be  Chairman  at  every  Meeting,  and  in 
his  absence  one  of  the  Yiee-Presidents ;  and  in  the  absence  of  all 
Vice-Presidents  a  Member  of  Council  shall  take  the  chair ;  and  if 
no  Member  of  Council  be  present  and  willing  to  take  the  chair,  the 
Meeting  shall  elect  a  Chaii-man. 

20.  The  decision  of  a  General  Meeting  shall  be  ascertained  by 
show  of  hands,  unless,  after  the  show  of  hands,  a  jdoII  is  forthwith 
demanded ;  and  by  a  poll,  when  a  poll  is  thus  demanded.  The 
manner  of  taking  a  show  of  hands  or  a  poll  shall  be  in  the 
Uiscretion  of  the  Chairman ;  and  an  entry  in  the  IMinutes,  signed 
by  the  Chairman,  shall  be  sufficient  evidence  of  the  decision  of 
the  General  Meeting.  Each  Member  and  Associate  Member  shall 
have  one  vote  and  no  more.  In  case  of  equality  of  votes  the 
Chairman  shall  have  a  second  or  casting  vote :  provided  that  this 
Article  shall  not  interfere  with  the  provisions  of  the  By-laws  as  to 
election  by  ballot. 

21.  The  acceptance  or  rejection  of  votes  by  the  Chairman  shall 
be  conclusive  for  the  purpose  of  the  decision  of  the  matter  in  respect 
of  which  the  votes  are  tendered :  provided  that  the  Chairman  may 
review  his  decision  at  the  same  Meeting,  if  any  error  be  then  pointed 
out  to  him. 

BY-LAWS. 

22.  The  By-laws  set  forth  in  the  schedule  to  these  Articles,  and 
such  altered  and  additional  By-laws  as  shall  be  substituted  or  added 
as  hereinafter  mentioned,  shall  regulate  all  matters  by  the  Articles 
left  to  be  prescribed  by  the  By-laws,  and  all  matters  which 
consistently  with  the  Articles  shall  be  made  the  subject  of  By-laws. 
Alterations  in,  and  additions  to,  the  By-laws,  may  be  made  only  by 
resolution  of  the  Members  and  Associate  Members  at  an  Annual 
General  Meeting,  after  notice  of  the  proposed  alteration  or  addition 
has  been  announced  at  the  previous  Ordinary  Meeting,  and  not 
otherwise. 


189C.  ABXICLES    OF    ASSOCIATION. 


COUNCIL. 

23.  The  Council  of  the  Institution  sliall  be  cliosen  from  the 
Members  only,  and  shall  consist  of  one  President,  six  Yice- 
Presidents,  fifteen  ordinary  Members  of  Council,  and  of  the  Past- 
Presidents.  The  President,  two  Vice-Presidents,  and  five  Members 
of  Council  (other  than  Past-Presidents),  shall  retire  at  each  Annual 
General  Meeting,  but  shall  be  eligible  for  re-election.  The  Tice- 
Presidents  and  Members  of  Council  to  retire  each  year  shall, 
unless  the  Council  agree  among  themselves,  be  chosen  from  those 
who  have  been  longest  in  office,  and  in  cases  of  equal  seniority 
shall  be  determined  by  ballot. 

24.  The  election  of  a  President,  Vice-Presidents,  and  Members 
of  Council,  to  supply  the  place  of  those  retiring  at  the  Annual 
General  Meeting,  shall  be  conducted  in  such  manner  as  shall  be 
prescribed  by  the  By-laws  from  time  to  time  in  force,  as  provided 
by  the  Articles. 

25.  The  Council  may  supply  any  casual  vacancy  in  the  Council 
(including  any  casual  vacancy  in  the  office  of  President)  which  shall 
occur  between  one  Annual  General  Meeting  and  another ;  and  the 
President,  Vice-Presidents,  or  Members  of  Council  so  appointed  by 
the  Council  shall  retire  at  the  succeeding  Annual  General  Meeting. 
Vacancies  not  filled  up  at  any  such  Meeting  shall  be  deemed  to  be 
casual  vacancies  within  the  meaning  of  this  Article. 


OFFICEES. 

26.  The  Treasurer,  Secretary,  and  other  employes  of  the 
Institution  shall  be  appointed  and  removed  in  the  manner  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles.  Subject  to  the  express  provisions  of  the  By-laws,  the 
officers  and  servants  of  the  Institution  shall  be  appointed  and 
removed  by  the  Council. 


Xvi  ARTICLES    OF    ASSOCIATION.  189C. 

27.  The  powers  and  duties  of  the  officers  of  the  Institntiou  shall, 
subject  to  any  express  provision  in  the  By-laws,  be  determined  by 
the  Council. 


POWERS  AND  PROCEDURE  OF  COUNCIL. 

28.  The  Council  may  regulate  their  own  procedure,  and  delegate 
any  of  their  powers  and  discretions  to  any  one  or  more  of  their  body, 
and  may  determine  their  own  quorum :  if  no  other  number  is 
prescribed,  three  members  of  Council  shall  form  a  quorum. 

29.  The  Council  shall  manage  the  property,  proceedings,  and 
aifairs  of  the  Institution,  in  accordance  with  the  By-laws  from  time 
to  time  in  force. 

30.  The  Treasurer  may,  with  the  consent  of  the  Council,  invest 
in  the  name  of  the  Institution  any  moneys  not  immediately  required 
for  the  purposes  of  the  Institution  in  or  upon  any  of  the  following 
investments  (that  is  to  say) : — 

(a)  The  Public  Funds,  or  Government  Stocks  of  the  United 

Kingdom,  or  of  any  Foreign  or  Colonial  Government 
guaranteed  by  the  Government  of  the  United  Kingdom. 

(b)  Real  or  Leasehold  Securities,  or  in  the  purchase  of  real 

or  leasehold  properties  in  Great  Britain  or  Ireland. 

(c)  Debentures,  Debenture  Stock,  or  Guaranteed  or  Preference 

Stock,  of  any  Company  incorporated  by  special  Act  of 
Parliament,  the  ordinary  Shareholders  whereof  shall  at 
the  time  of  such  investment  be  in  actual  receipt  of  half- 
yearly  or  yearly  dividends. 

(d)  Stocks,  Shares,  Debentures,  or  Debenture  Stock  of  any 

Railway,  Canal,  or  other  Company,  the  undertaking 
whereof  is  leased  to  any  Railway  Company  at  a  fixed 
or  fixed  minimum  rent. 
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(e)  Stocks,  Shares,  or  Debentures  of  any  East  Indian  Railway 

or  othei"  Company,  whicli  shall  receive  a  contribution 
from  Her  Majesty's  East  Indian  Government  of  a  fixed 
annual  percentage  on  their  capital,  or  be  guaranteed  a 
lixed  annual  dividend  by  the  same  Government. 

(f)  The   security   of    rates    levied    by  any   corporate   body 

empowered  to  borrow  money  on  the  security  of  rates, 
where  such  borrowing  has  been  duly  authorised  by 
Act  of  Parliament. 

31.  The  Council  may,  with  the  authority  of  a  resolution  of  the 
Members  and  Associate  Members  in  General  Meeting,  borrow  moneys 
for  the  purposes  of  the  Institution  on  the  security  of  the  property  of 
the  Institution,  or  otherwise  at  their  discretion. 

32.  No  act  done  by  the  Council,  whether  ultra  vires  or  not, 
\vhich  shall  receive  the  express  or  implied  sanction  of  the  Members 
and  Associate  Members  in  General  Meeting,  shall  be  afterwards 
impeached  by  any  member  of  the  Institution  on  any  ground 
whatsoever,  but  shall  be  deemed  to  be  an  act  of  the  Institution. 


NOTICES. 

33.  A  notice  may  be  served  by  the  Council  upon  any  Member, 
Associate  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
cither  personally  or  by  sending  it  through  the  post  in  a  prepaid  letter 
addressed  to  him  at  his  registered  j)lace  of  abode. 

34.  Any  notice,  if  served  by  post,  shall  be  deemed  to  have  been 
served  at  the  time  when  the  letter  containing  the  same  would  be 
delivered  in  the  ordinary  course  of  the  post ;  and  in  proving  such 
service  it  shall  be  sufficient  to  prove  that  the  letter  containing  the 
notice  was  properly  addressed  and  put  into  the  post  office. 
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35.  Xo  Meml^er,  Associate  Member,  Graduate,  Associate,  or 
Honorary  Life  Member,  not  having  a  registered  address  within  thc- 
United  Kingdom,  shall  be  entitled  to  any  notice ;  and  all  proceedings 
may  be  had  and  taken  without  notice  to  such  member,  in  the  same 
manner  as  if  he  had  had  due  notice. 
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(Last  Revision,  February  1891.) 

jMEMBEESHIP. 

1.  Candidates  for  admission  as  Members  must  be  persons  not 
under  twenty-five  years  of  age,  who,  having  occupied  during  a 
sufficient  period  a  responsible  position  in  connection  with  the  practice 
or  science  of  Engineering,  may  be  considered  by  the  Council  to  be 
qualified  for  election. 

2.  Candidates  for  admission  as  Associate  Members  must  be 
persons  not  under  twenty-five  years  of  age,  who,  being  engaged  in 
€uch  work  as  is  connected  with  the  practice  or  science  of  Engineering, 
may  be  considered  by  the  Council  to  be  qualified  for  election,  though 
not  yet  to  occupy  positions  of  sufficient  responsibility,  or  otherwise 
not  yet  to  be  eligible,  for  admission  as  Members.  They  may 
afterwards  be  transferred  at  the  discretion  of  the  Council  to  the  class 
of  Members. 

3.  Candidates  for  admission  as  Graduates  must  be  persons 
folding  subordinate  situations,  and  not  under  eighteen  years  of  age. 
They  must  furnish  evidence  of  training  in  the  principles  as  well  as 
in  the  practice  of  Engineering.  Before  attaining  the  age  of  twenty- 
six  years,  those  elected  after  1892  must  apply  for  election  as 
Members,  Associate  Members,  or  Associates,  if  they  desii-e  to  remain 
connected  with  the  Institution  ;  they  may  not  continue  Graduates 
after  attaining  the  age  of  twenty-six. 

4.  Candidates  for  admission  as  Associates  must  be  persons  not 
imder  twenty-five  years  of  age,  who  from  their  scientific  attainments 
or  position  in  society  may  be  considered  eligible  by  the  Council. 
They  may  afterwards  be  transferred  at  the  discretion  of  the  Council 
to  the  class  of  Associate  Members  or  of  Members. 

5.  The  Council  shall  have  the  power  to  nominate  as  Honorary 
Life  Members  persons  of  eminent  scientific  acquirements,  who  in 
fcheir  opinion  are  eligible  for  that  position. 
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G.  The  I\rombors,  Associato  IMonibers,  Graduates,  Associates,  ami 
Houorary  Life  Meiubors  shall  have  notice  of  and  the  privilege  to 
attend  all  Meetings;  but  Members  and  Associate  Members  only 
shall  he  entitled  to  vote  thereat. 

7.  The  abbreviated  distinctive  Titles  for  indicating  the  ci>nncction 
^^ith  the  Institution  of  IMonibers,  Associate  Members,  Graduates, 
Associates,  or  Honorary  Life  Members  thereof,  shall  l>o  the 
following: — for  Members,  M.  I.  Moch,  E. ;  for  Associate  Meml>ers, 
A.  M.  I.  Mech.  E. ;  for  Graduates,  G.  I.  IMech.  E. ;  for  Associates, 
A.  I.  Mech.  E. ;  for  Houorary  Life  Members,  Hon.  M.  I.  IMcch.  E. 

8.  Subject  to  such  rcgulatitnis  as  the  Council  may  from  time  to 
time  prescribe,  any  Member,  Associate  Member,  or  Associate  may 
upon  application  to  the  Secretary  obtain  a  Certificate  of  his 
membership  or  other  connection  with  the  Institution.  Every  such 
certificate  shall  remain  the  property  of,  and  shall  on  demand  bo 
returned  to,  the  Institution. 

ENTRANCE  FEES  AND  SUBSCEIPTIONS. 

9.  Each  Member  shall  pay  an  Annual  Subscription  of  £3,  and 
on  election  an  Entrance  Fee  of  £2. 

10.  Each  Associate  Member  shall  pay  an  Annual  Subscription  of 
£2  10s.,  and  on  election  an  Entrance  Fee  of  £1.  If  afterwards 
transferred  by  the  Conncil  to  the  class  of  Members,  he  shall  pay  on 
transference  10s.  additional  subscription  for  the  current  year,  and  £1 
additional  entrance  fee. 

11.  Each  Graduate  shall  pay  an  Annual  Subscription  of  £1  10s., 
but  no  Entrance  Fee.  Any  Graduate  elected  prior  to  1893,  if 
transferred  by  the  Council  to  the  class  of  Associate  Members,  shall 
pay  on  transference  £1  additional  subscription  for  the  current  year, 
but  no  additional  entrance  fee ;  if  transferred  direct  to  the  class  of 
Members,  he  shall  pay  on  transference  £1  10s.  additional  subscription 
for  the  current  year,  and  £1  additional  entrance  fee. 
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12.  Each  Associate  shall  pay  an  Annual  Subscription  of  £2  10.^., 
and  on  election  an  Entrance  Fee  of  £1.  If  afterwards  transferred 
by  the  Council  to  the  class  of  Associate  Members,  he  shall  pay  on 
transference  no  additional  subscription  or  entrance  fee.  If  transferred 
direct  to  the  class  of  Members,  he  shall  pay  on  transference  10». 
additional  subscription  for  the  current  year,  and  £1  additional 
entrance  fee ;  except  Associates  elected  prior  to  1893,  who  shall  pay 
no  additional  entrance  fee  on  transference. 

13.  All  subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  January  in  each  year ;  and  the  first 
subscription  of  Members,  Associate  Members,  Graduates,  and 
Associates,  shall  date  from  the  1st  day  of  January  in  the  year  of 
their  election. 

14.  In  the  case  of  Members,  Associate  Members,  Graduates,  or 
Associates,  elected  in  the  last  three  months  of  any  year,  the  first 
subscription  shall  cover  both  the  year  of  election  and  the  succeeding 
year. 

15.  Any  Member,  Associate  Member,  or  Associate,  whose 
subscription  is  not  in  arrear,  may  at  any  time  compound  for  his 
subscription  for  the  current  and  all  future  years  by  the  payment  of 
Fifty  Pounds,  if  paid  in  any  one  of  the  first  five  years  of  his 
membership.  If  paid  subsequently,  the  sum  of  Fifty  Pounds  shall 
be  reduced  by  One  Pound  per  annum  for  every  year  of  membership 
after  five  years.  All  compositions  shall  be  deemed  to  be  capital 
moneys  of  the  Institution. 

16.  The  Council  may  at  their  discretion  reduce  or  remit  the 
annual  subscription,  or  the  arrears  of  annual  subscription,  of  any 
Member  or  Associate  Member  who  shall  have  been  a  subscribing 
member  of  the  Institution  for  twenty  years,  and  shall  have  become 
unable  to  continue  the  annual  subscription  provided  by  these 
By-laws. 

17.  No  Proceedings  or  Ballot  Lists  or  Certificates  shall  be  sent  to 
Members,  Associate  Members,  Graduates,  or  Associates,  who  are  in 
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sobsmptior  1  :       ::ed  by  the  Conncn  as  I-  : 

provided- 

ZLECTIOX  OF  MEilBEES,  ASSOCIATE  MEMBEBS, 
GEADUATES,  A^T»  ASSOCIATES. 

18.  A  recraninendation  for  adnusdon  accoiding  to  Form 'A  or  B 
in  the  Appendix  shall  be  forwarded  to  the  Secretary 

laid  before  the  nert  Meeting  of  the  Conncfl.     The  :   -  : —  _„:::, 
most  be  signed  by  not  le^  than  five  Members  or  Ass:  cia:e  Members 
if  the  applicatiom  be  for  admi^on  as  a  Member  or  A- 
or  A^ociate,  and  by  three  Members  or  A^odate  j1 
for  a  Graduate. 

19.  All  elections  shall  take  place  by  ball;:;  -l:  L~  of  the 
Tot^  ^ven  being  necessary  for  election. 

20.  All  applications  for  admission  shall  be  ooammmieated  by 
the  Secr^ary  to  the  Conndl  for  their  approval  previoos  to  being 
ins^ted  in  the  ballot  list  for  election,  and  the  approved  ballot  list 
«ihan  be  dgned  by  the  Fre^dent  and  forwarded  to  the  Members 
and  Associate  Members.  The  name  of  any  Candidate  approved  by 
the  Gomunl  for  admission  as  an  Associate  Member  or  an  Associate 
shall  not  be  inserted  in  the  ballot  list  until  he  has  signed  the  Fonn  G 
in  the  Appendix.  The  ballot  list  shall  specify  the  name, 
occopation,  and  address  of  the  Candidates,  and  also  by  trhom 
proposed  and  seconded.  The  lists  shall  be  opened  only  in  the 
presence  of  the  CooncQ  on  the  day  of  election,  by  a  Committee  to  be 
appointed  for  that  purpose. 

21.  The  Elections  shall  take  place  at  the  Geneial  Meetings  aofy. 

22.  When  the  proposed  Candidate  is  elected,  the  Secrelaiy  shall 
giro  him  notice  thereof  according  to  Form  D ;  but  his  name  shall 
not  be  added  to  the  register  of  the  Institution  until  he  diall  have 
paid  his  Entrance  Fee  and  first  Annual  Subscription,  and  sdgned  the 
Form  E  in  Uie  Appendix. 
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23.  In  case  of  iMm-elee&si,  no  m«ition  hereof  shall  be  made  is 
the  IGnntes,  nor  any  notice  given  to  the  misaecessfal  Candidate. 

21-  An  Associate  Member  desirons  of  being  transferred  to  the 
class  of  Members,  or  an  Associate  to  the  class  of  Associate  Members 
OP  of  Members,  shall  forward  to  the  Secretary  a  recommendation 
according  to  Form  F  in  the  Appendix,  signed  by  not  les  than  five 
Members  or  Associate  Members,  which  shall  be  laid  before  the  next 
meeting  of  Conndl  for  their  approvaL  On  their  approval  being 
given,  the  Secretary  shall  notify  the  same  to  the  Candidate  according 
to  Form  G  ;  but  his  name  shall  not  be  added  to  the  list  of  Members 
or  Associate  Members  nntil  he  shall  have  signed  the  Form  H,  and 
shall  have  paid  the  additional  entrance  fee  (if  any),  and  the  additional 
fiiibecription  (if  any)  for  the  cnrrent  year. 


ELECTIOX  OF  PEESIDEXT,  YICE-PEESIDEXTS, 
AXD  MEMBEES  OF  COUNCIL. 

2.5.  Candidates  shall  be  put  in  nomination  at  the  Greneral 
Meeting  preceding  the  Annnal  General  Meeting,  when  the  Coxmcil 
are  to  present  a  list  of  their  retiring  Members  who  offer  themselves 
for  re-election ;  any  Member  or  Associate  Member  shall  then  be 
entitled  to  add  to  the  list  of  Candidates.  The  ballot  list  of  the 
proposed  names  shall  be  forwarded  to  the  Members  and  Associate 
Members.  The  ballot  lists  shall  be  opened  only  in  the  presence  of 
the  Council  on  the  day  of  election,  by  a  Committee  to  be  appointed 
for  that  purpose. 


APPOIXTMEXT  AXD  DUTIES  OF  OFFICEES. 

26.  The  Treasurer  shall  be  a  Banker,  and  shall  hold  the 
uninvested  fands  of  the  Institution,  except  the  moneys  in  the  hands 
of  the  Secretary  for  current  expenses.  He  shall  be  appointed  by 
the  Members  and  Associate  Members  at  a  General  or  Special  Meeting, 
and  shall  hold  office  at  the  pleasure  of  the  Council 
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27.  The  Secretary  of  the  Institution  shall  be  appointed,  as  and 
when  a  vacancy  I  occurs,  by  the  Members  and  Associate  Members 
at  a  General  or  Special  Meeting,  and  shall  be  removable  by  the 
Council  upon  six  months'  notice  from  any  day.  The  Secretary 
shall  give  the  same  notice.  The  Secretary  shall  devote  the  whole 
of  his  time  to  the  work  of  the  Institution,  and  shall  not  engage  in 
any  other  business  or  profession. 

28.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction 
of  the  Council,  to  conduct  the  correspondence  of  the  Institution  ; 
to  attend  all  meetings  of  the  Institution,  and  of  the  Coimcil,  and  of 
Committees ;  to  take  minutes  of  the  proceedings  of  such  meetings ; 
to  read  the  minutes  of  the  preceding  meetings,  and  all  communications 
that  he  may  be  ordered  to  read;  to  superintend  the  publication  of 
such  papers  as  the  Council  may  dii-ect ;  to  have  the  charge  of  the 
library;  to  direct  the  collection  of  the  subscriptions,  and  the 
preparation  of  the  account  of  expenditure  of  the  funds;  and  to 
l)resent  all  accounts  to  the  Council  for  inspection  and  approval.  He 
shall  also  engage  (subject  to  the  approval  of  the  Council)  and  be 
responsible  for  all  persons  employed  under  him,  and  set  them  their 
portions  of  work  and  duties.  He  shall  conduct  the  ordinary  business 
of  the  Institution,  in  accordance  with  the  Articles  and  By-laws  and 
the  directions  of  the  President  and  Council ;  and  shall  refer  to  the 
President  in  any  matters  of  difficulty  or  importance,  requiring 
immediate  decision. 

MISCELLANEOUS. 

29.  All  Papers  shall  be  submitted  to  the  Council  for  approval, 
and  after  their  apjiroval  shall  be  read  by  the  Secretary  at  the 
General  Meetings,  or  by  the  Author  ^\-ith  the  consent  of  the 
Council ;  or,  if  so  directed  by  the  Council,  shall  be  printed  iu  the 
Proceedings  witliout  having  been  read  at  a  General  Meeting. 

30.  All  books,  drawings,  communications,  &c.,  shall  be  accessible 
to  the  members  of  the  Institution  at  all  reasonable  times. 
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31.  All  communications  to  the  Meetings  shall  be  the  pi'oj)erty  of 
the  Institution,  and  be  published  only  by  the  authority  of  the 
Council. 

32.  None  of  the  property  of  the  Institution — books,  drawings, 
&c. — shall  be  taken  out  of  the  premises  of  the  Institution  without 
the  consent  of  the  Council. 

33.  All  donations  to  the  Institution  shall  be  enumerated  in  the 
Annual  Report  of  the  Council  presented  to  the  Annual  General 
Meeting. 

34.  The  General  Meetings  shall  be  conducted  as  far  as 
2)racticable  in  the  following  order : — 

1st.  The  Chair  to  be  taken  at  such  hour  as  the  Council 
may  direct  from  time  to  time. 

2nd.  The  Minutes  of  the  previous  Meeting  to  be  read  by 
the  Secretary,  and,  after  being  approved  as  correct,  to 
be  signed  by  the  Chairman. 

3rd.  The  Ballot  Lists,  previously  opened  by  the  Council, 
to  be  presented  to  the  Meeting,  and  the  new  Members, 
Associate  Members,  Graduates,  and  Associates  elected 
to  be  announced. 

4th.  Papers  approved  by  the  Council  to  be  read  by  the 
Secretary,  or  by  the  Author  with  the  consent  of  the 
Council. 

35.  Each  Member  or  Associate  Member  shall  have  the  privilege 
of  introducing  one  friend  to  any  of  the  Meetings ;  but,  during  such 
portion  of  any  meeting  as  may  be  devoted  to  any  business  connected 
with  the  management  of  the  Institution,  visitors  shall  be  requested 
by  the  Chairman  to  withdraw,  if  any  Member  or  Associate  Member 
asks  that  this  shall  be  done. 
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36.  Every  Member,  Associate  Member,  Graduate,  Associate,  or 
Visitor,  shall  write  Lis  name  and  residence  in  a  book  to  be  kept 
for  the  purpose,  on  entering  each  Meeting. 

37.  The  President  shall  ex  officio  be  member  of  all  Committees 
<jf  Coimcil. 

38.  Seven  clear  days'  notice  at  least  shall  be  given  of  every 
meeting  of  the  Council.  Such  notice  shall  specify  generally  the 
business  to  be  transacted  by  the  meeting.  No  business  involving 
the  expenditure  of  the  funds  of  the  Institution  (except  by  way  of 
payment  of  current  salaries  and  accounts)  shall  be  transacted  at 
any  Council  meeting  unless  specified  in  the  notice  convening  the 
meeting. 

39.  The  Council  shall  present  the  yearly  accounts  to  the  Annual 
General  Meeting,  after  being  audited  by  a  professional  accountant, 
who  shall  be  appointed  annually  by  the  Members  and  Associate 
Members  at  a  General  or  a  Special  Meeting,  at  a  remuneration  to  be 
then  fixed  by  the  Members  and  Associate  Members. 

40.  Any  member  wishing  to  have  a  copy  of  the  Papers  sent  to 
him  for  consideration  beforehand  can  do  so  by  sending  in  his  name 
once  in  each  year  to  the  Secretary ;  and  a  copy  of  all  Papers  shall 
then  be  forwarded  to  him  as  early  as  possible  prior  to  the  date  of  the 
Meeting  at  which  they  are  intended  to  be  read. 

41.  At  any  Meeting  of  the  Institution  any  member  shall  be  at 
liberty  to  re-open  the  discussion  upon  any  Paper  which  has  been 
read  or  discussed  at  the  preceding  Meeting ;  provided  that  he 
signifies  his  intention  to  the  Secretary  at  least  one  month  previously 
to  the  Meeting,  and  that  the  Council  decide  to  include  it  in  the 
notice  of  the  Meeting  as  part  of  the  business  to  be  transacted. 
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FOEM  A. 

Mr.  being  years  of  age,  and  desirous  of  admission 

into  the  Institution  of  Mechanical  Engineers,  we,  the  undersigned  projjoser 
and  seconder  from  our  personal  knowledge,  and  the  three  other  signers  from 
trustworthy  information,  propose  and  recommend  him  as  a  proper  person  to 
belong  to  the  Institution. 

Witness  our  hands,  this  day  of 

IMembers  or  Associate  Members. 


FOEM  B. 

Mr.  born  on  being  desirous 

of    admission   into    the    Institution    of    Mechanical    Engineers,    we,    the 
undersigned  proposer  ahd   seconder    from    our    personal    knowledge,    and 
the   other  signer  or   signers    from   trustworthy   information,   propose  and 
recommend  him  as  a  proper  person  to  become  a  Graduate  thereof. 
AVitness  our  hands,  this  day  of 

IMembers  or  Associate  Members. 

FOEM  C. 

If  elected  an  of  the  Institution  of  Mechanical  Engineers, 

I,  the  undersigned,  do  hereby  engage  to  ratify  my  election  by  signing  the 
form  of  agreement  and  paying  the  entrance  fee  and  annual  subscription 
in  conformity  with  the  By-laws. 

Witness  my  hand,  this  day  of 


FOEM  D. 

Sir, — I  have  to  inform  you  that  on  the  you 

were  elected  a  of  the  Institution  of  Mechanical  Engineers. 

For  the  ratification  of  your  election  in  conformity  with  the  rules,  it  is 
requisite  that  the  enclosed  form  be  returned  to  me  with  your  signature,  and 
that  your  Entrance  Fee  and  first  Annual  Subscription  be  paid,  the  amounts 
of  which  are  and  respectively.     If  these  be  not  received 

within  two  months  from  the  present  date,  the  election  will  become  void. 

I  am,  Sir,  Your  obedient  servant. 

Secretary. 
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FORM  E. 

I,  the  undersigned,  being  elected  a  of  the 

Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  are  now  formed  or  as 
they  may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the 
Institution  as  far  as  shall  be  in  my  power,  and  will  attend  the  ileetings 
thereof  as  often  as  I  conveniently  can :  provided  that,  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  from 
the  Institution,  I  shall  (after  the  payment  of  any  arrears  which  may  be  due 
by  me  at  that  period)  be  free  from  this  obligation. 

Witness  my  hand,  this  day  of 

FOEM  F. 

Mr.  being  years  of  age,  and  desirous  of  being 

transferred  into  the  class  of  of  the  Institution  of 

Mechanical  Engineers,  we,  the  undersigned,  from   our  personal  knowledge 
recommend  him  as  a  proper  person  to  be  so  transferred  by  the  Council. 
Witness  our  hands,  this  day  of 

^Members  or  Associate  Members. 

FORM  G. 

Sir, — I  have  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  of  the  Institution  of  Mechanical 

Engineers.     For  the  ratification  of  your  transference  in  conformity  with  tin- 
rules,  it  is  requisite   that  the  enclosed  form  be  returned  to  me  with  your 
signature,  and  that   your  additional  Entrance   Fee  and  additional  Annual 
Subscription  for  the  current  year  be  paid,  the  amounts  of  which  are 
and  respectively.     If  these  be  not  received  within  two  months 

from  the  present  date,  the  transference  will  become  void. 

I  am,  Sir,  Your  obedient  servant. 

Secretary. 

FORM  H. 

I,  the  imdersigned,  having  been  transferred  to  the  class  of  of  the 

Institution  of  ilechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  now  exist,  or  as  they 
may  hereafter  be  altered;  that  I  will  advance  the  objects  of  the  Institution 
as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings  thereof  a?  often 
as  I  conveniently  can :  provided  that,  whenever  I  shall  signify  in  writing  to 
the  Secretary  that  I  am  desirous  of  withdrawing  from  the  Institution,  I  shall 
(after  the  payment  of  any  arrears  which  may  le  due  by  mc  at  that  perioei) 
be  free  from  this  obligation. 

Witness  my  hand,  this  day  of 
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The  Forty-Ninth  Annual  Gkneral  Meeting  of  tlie  Institution 
was  held  in  the  rooms  of  the  Institution  of  Civil  Engineers,  London, 
on  Thursday,  30th  January  1896,  at  Half-past  Seven  o'clock  p.m. ; 
Professor  Alexander  B.  W.  Kennedy,  LL.D.,  F.R.S.,  Eetiring 
President,  in  the  chair,  succeeded  by  E.  Windsor  Richards,  Esq., 
President  elected  at  the  Meeting. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  thirty-two  candidates  were  found  to  be  duly 
elected : — 

MEMBERS. 

Barker,  Matthew  Wilson,  .  .  Johannesburg. 

Bradney,  Walter,     ....  London. 

CoNATY,  George,         ....  Birmingham. 

DoRMAN,  William  Sansom,  .  .  .  Gloucester. 

Eborall,  Cornelius  Willes,         .  .  Jamalpur. 

Ellis,  William  Frederick  Wood,  .  Bombay. 

Glasgow,  Arthur  Graham,  .          .  London. 

Hodges,  Marcus  Henry,      .         .         .  Exeter. 

Holmes,  Percy  Frederick,  .  .  .  Huddersfield. 

Howarth,  Alfred  Montgomery,  .  .  Sydney. 

Jenkinson,  Thomas,    .         .         .         .St,  Helen's. 
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Matx,  \\  iLLiAM  Henderson, 

Bombay. 

Marsh,  Douglas  Earle, 

Swindon. 

Wood,  Walter  Chapman,     . 

Bombay. 

associate  members. 

Barton,  Andrew, 

London. 

CoNRADi,  Julius  Samuel, 

London. 

DossOR,  Herbert, 

.     London. 

Hall,  Benjamin  James, 

London. 

Mansfield,  Alfred,    . 

.     Madras. 

Nicholls,  Percy, 

.     Salford. 

Samuel,  Blelock  Lee, 

Glasgow. 

Stewart,  Charles  Nigel,     . 

London. 

Trafford,  Alfred, 

Birmingbam 

Umney,  Herbert  Williams,  . 

.     Batb. 

Wiseman,  Alfred, 

Birmingbam 

associates. 

Devine,  William  Henry, 

.     Nagasaki. 

KiTTO,  William  Henry, 

London. 

Taylor,  Joseph  Henry, 

London. 

graduates. 

Barbosa,  Agenob, 

.     Paris. 

Davson,  Stephen  Frederick, 

.     London. 

GoDDARD,  William  Herbert, 

Croydon. 

Thom,  Frank, 

Blackburn. 

Tbo  following  Annual  Eeport  of  tbe   Council  was  tben  read : — 
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On  this  occasion  of  the  Forty-Ninth  Annual  General  Meeting  of 
the  Institution,  the  Council  have  the  pleasure  of  presenting  to  the 
Members  the  following  Eeport  of  the  business  and  progress  of  the 
Institution  during  the  past  year. 

At  the  end  of  last  year  the  number  of  names  in  all  classes  on  the 
roll  of  the  Institution  was  2,271,  as  compared  with  2,222  at  the  end 
of  the  previous  year,  showing  a  net  gain  of  49.  During  1895  there 
were  added  to  the  register  158  names ;  against  which  the  loss  by 
decease  was  25,  and  by  resignation  or  removal  84. 

During  1895  the  following  distinctions  have  been  conferred  by  the 
Queen  upon  Members  of  this  Institution.  Dr.  William  Anderson^ 
C.B.,  Past-President,  Director-General  of  Ordnance  Factories,  has 
been  made  a  Companion  of  the  Bath.  The  Eight  Honourable  Sir 
Bernhard  Samuelson,  Bart.,  has  been  appointed  a  member  of  Her 
Majesty's  Privy  Council.  Sir  William  H.  White,  K.C.B.,  Member 
of  Council,  Assistant  Controller  and  Director  of  Naval  Construction, 
has  been  created  Knight  Commander  of  the  Bath.  To  each 
gentleman  the  Council  have  had  the  pleasure  of  offering  their 
congratulations  on  behalf  of  the  Institution. 

The   following   eleven   Transferences   have   been  made   by   the 

Council  in  1895  :— 

To  the  class  of  Members. 

Pabkinson,  Hudson  Clough,  Associate  Member    Bristol. 

Kamsbottom,  John  Goodfellow,  Associate  Member    Blanchcster. 

Edwards,  Walter  Cleeve,    .         .     Graduate        .     New  Zealand. 

To  the  class  of  Associate  Members. 
BuRNE,  Edward  Lancaster,  .         .     Graduate        .     Guildford. 
Douglass,  Alfred  Edwards,  .  do.  .     Birmingham. 

Edwards,  Herbert  Francis,  .  do.  .     Cardiff. 

c  2 
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Pkice-Williams,  John  Morgan, 
Smith,  Joseph  Philip  Gkace, 
SsELL,  John  Francis  Cleverton, 
Tabor,  Edward  Henry, 
"Weight,  Howard  Theophilus, 


Graduate 
do. 
do. 
do. 
do. 


London. 
London. 
London. 
London. 
London. 


The    following     twenty-seven    Deceases    of    Members    of    the 
Institution  have  occurred  during  the  past  year : — 


Abmitage,  "William  James,    .... 

Armstrong,  "Willlam  Henry  (Associate  Member), 

Bailey,  "William, 

Brebner,  Samcel  Gordon,     . 

BcRNET,  Lindsay, 

Coxhead,  Frederick  Carley, 

Dickinson,  Eichard  ELinr,  . 

Dickson,  George  Manners,   . 

Elwell,  Thomas,  . 

Fletcher,  Herbert, 

GoTz,  Carl  Johann  "VN'ilhelm  (Associate), 

Greenter,  John  Henry, 

Guy,  Charles  "Williams  (deceased  1893), 

Harland,  Sir  Edward  James,  Bart.,  M.P., 

James,  Christopher,      .... 

Jajueson,  James  Lindsay  Auldjo-  (Graduate), 

JIitchell,  Charles, 

Napier,  James  SIcrdoch, 

Paget,  Arthur,    .... 

Pinel,  Charles  Louis,  . 

Eeynolds,  Edward, 

ScoRGiE,  Professor  James, 

Stirling,  Patrick, 

Turner,  Joshua  Alfred  Alexander, 

Tweddell,  Ralph  Hart, 

Wild,  John,  .... 

"S\'ood,  Robert  Henry, 

Of  these  Mr.  Paget  was  a  Mombei*  of  tho  Institution  from  1868,  a 
Member  of  Council  from  1878,  and  a  Vice-President  from  1887  to 
1891,  after  which  he  was  debarred  by  illness  from  continuing  the 
active  interest  he  had  previously  taken  in  the  management  of  the 
Institution.     Mr.  Tweddell  had  joined  tho  Institution  in  1867,  and 


Leeds. 

Calcutta. 

London. 

Poona. 

Glasgow. 

London. 

Bradford. 

Calcutta. 

Paris. 

Bolton. 

Manchester. 

Loudon. 

Java. 

Belfast. 

Bristol. 

Newcastle-on-Tync. 

Newcastle-on-Tyue. 

London. 

Loughborough. 

Rouen. 

Sheffield. 

Poona. 

Doncaster. 

Poona. 

London. 

Oldham. 

Leeds. 
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was  a  Member  of  Council  from  1883  to  1885  ;  just  prior  to  his 
sudden  deatli  lie  had  been  nominated  by  the  Council  for  election 
again  at  the  present  meeting. 


The  following  twenty-eight  gentlemen  have  ceased  to  be  Members 
of  the  Institution  during  the  past  year  : — 

Arnold,  David  Nelson, 
Beckwith,  George  Charles, 
Bridie,  Konald  Hope, 
Brown,  Arthur  Seltvyn  (Graduate), 
Browne,  Frederick  John,  . 
CoLEY,  Henry,  .... 
Collen,  Egbert  Henry,     . 
Copeland,  Charles  John,  . 
Errington,  "William, 
Gore,  Arthur  Saunders,  . 
Harrison,  Abraham  Wyke, 
Hart,  Norman,  .... 
Lambourn,  Thomas  "William, 
Macleod,  Arthur  "V\'illiam, 
McGregor,  Josiah,     . 

McKay,  John 

Miles,  William  Henry  (Associate), 
MoNiE,  Hugh,  Jun.  (Associate), 
Moor,  W^illiam  (Graduate), 
Nordenfelt,  Thorsten, 
Penn,  George  "V\''illiams,    . 
Kichards,  George, 
KocHFORT,  Bertraji  (Associate), 
Sellers,  George, 
Soulsby,  Ja:mes  Charlton, 
Stumore,  Frederick  (Associate), 
"Wailes,  John  "William, 
"Whieldon,  John  Henry,    , 
In  addition  to  these  there  have  been  fifty-five  Resignations  of 
membership. 

The  Accounts  for  the  year  ending  31  December  1895  are  now 
submitted  to  the  Members  {see  pages  12-15),  after  having  been 
passed  by  the  Finance  Committee,  and  certified  by  Mr.  Robert  A. 


Southsea. 

Swansea. 

London. 

Sydney. 

London. 

London. 

Northfleet. 

Liverpool. 

Melbourne. 

Birmingham. 

Abergavenny. 

London. 

Bildeston. 

Burmah. 

London. 

Newcastle-on-Tyne. 

Johannesburg. 

Bombay. 

Hartlepool. 

Paris. 

Cardiff. 

London. 

Kio  de  Janeiro. 

Sheffield. 

Cardiff. 

London. 

Gateshead. 

London. 
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McLean,  chartered  accountant,  the  auditor  appointed  by  the  Members 
at  the  last  Annual  General  Meeting.  The  receipts  during  the  year 
were  £7,274  19.*.  4(7.,  while  the  expenditure,  actual  and  es,timated, 
was  £5,588  Os.  Id.,  leaving  a  balance  of  receipts  over  expenditure 
of  £1,686  18s.  9(?.  The  financial  position  of  the  Institution  at  the 
end  of  the  year  is  shown  by  the  balance  sheet :  the  total  investments 
and  other  assets  amount  to  £42,652  8s.  6<i. ;  and  allowing  £600  for 
accounts  owing  but  not  yet  rendered,  the  capital  of  the  Institution 
amounts  to  £42,052  8s.  6d.,  of  which  the  greater  part,  as  seen 
from  the  balance  sheet,  is  invested  ia  Eailway  Debenture  Stocks, 
registered  in  the  name  of  the  Institution.  The  certificates  of  the 
whole  of  the  secui-ities  have  been  duly  audited  by  the  Finance 
Committee  and  the  auditor. 

At  the  last  Annual  General  Meeting  the  desirability  of  obtaining 
a  House  for  the  Institution  was  again  urged  upon  the  Council,  and 
the  President  had  the  pleasure  of  announcing  that  a  Committee  of 
the  Council  had  already  been  ajipointed  to  look  into  this  subject. 
Subsequently  the  President  was  able  further  to  announce  at  the 
Summer  Meeting  in  Glasgow  that  the  Council  had  agreed  to 
purchase  lialf  of  a  vacant  site  at  Storey's  Gate,  Westminster, 
fronting  St.  James'  Park.  The  purchase  has  now  been  completed  of 
this  site  for  a  period  of  seventy-nine  years  from  Midsummer  last, 
the  owners  of  the  property  being  the  Ecclesiastical  Commissioners. 
Already  the  heavy  work  of  excavating  and  draining,  shoring, 
concreting,  and  underpinning  an  adjoining  building,  has  been 
carried  out ;  and  contracts  are  being  prepared  for  the  building  to  be 
erected  from  plans  approved  by  the  Council.  Next  year  therefore  it 
is  hoped  the  Members  may  be  in  possession  of  a  House  of  their  own, 
containing  a  Meeting  Eoom  about  sixty  feet  by  forty,  a  Library  of 
not  less  area,  a  capacious  Eeading  and  Smoking  Eoom,  a  Council 
Room,  a  commodious  tea-room,  and  the  necessary  accommodation  for 
offices,  storage,  and  housekeeper. 

Since  the  last  Annual  General  Meeting  the  Third  Eeport  of  the 
Research  Committee  on  the  Value  of  the  Steam-Jacket,  under  the 
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chairmansHp  of  Mr.  Henry  Davey,  lias  been  published  ;  and  during 
the  past  year  apparatus  has  been  specially  constructed  with  a 
view  to  carrying  out,  as  tlien  announced,  a  series  of  laboratory 
experiments  bearing  upon  steam-cylinder  condensation.  The 
experiments  are  now  being  carried  out  at  University  College, 
London,  where  the  apparatus  has  been  fixed. 

The  Third  Keport  of  Professor  Eoberts- Austen  to  the  Alloys 
Research  Committee,  of  which  Dr.  William  Anderson  is  the 
chairman,  was  read  and  discussed  at  the  spring  meeting  of  the 
Institution,  and  was  accompanied  by  appendices  on  Best  Selected 
Copper  by  Mr.  Allan  Gibb,  and  on  Copper-Tin  Alloys  by  Mr.  Alfred 
Stansfield.  The  continuation  of  this  Eesearch  is  still  in  progress  by 
Professor  Eoberts- Austen. 

The  Lille  Experiments  uj)on  the  use  of  Eopes  and  Belts  for  the 
Transmission  of  Power  were  discussed  at  the  autumn  meeting,  at 
which  Professor  Capper,  who  had  attended  the  trials  on  behaK  of 
this  Institution,  presented  a  translation  of  the  Eeport  of  the 
Committee,  accompanied  by  an  independent  account  of  his  own 
observations  upon  the  trials.  Although  the  anticipations  which  had 
been  entertained  beforehand  went  somewhat  beyond  the  results 
realised  from  the  actual  conduct  of  the  experiments,  the  free 
discussion  of  the  subject  had  none  the  less  the  advantage  of  eliciting 
practical  information  and  expressions  of  opinion,  of  which  the 
Members  might  not  otherwise  have  had  the  benefit.  Moreover  it  is 
hoped  that  the  oj)portunity  so  courteously  oftered  to  the  Institution 
of  appointing  a  representative  to  attend  these  trials  may  serve  as  a 
precedent  for  similar  co-operation  upon  future  occasions  and  in 
other  subjects  of  experimental  research. 

Already  the  Council  have  appointed  an  additional  Committee, 
under  the  chairmanship  of  the  President,  to  take  charge  of  a 
Ecsearch  respecting  the  Temperatures  and  Pressures  and  other 
conditions  pertaining  to  the  working  of  Gas  Engines.  They  have 
also  under  consideration  the  desirability  of  aiding  in  further  Steam- 
Engine  Eesearch. 

Eespecting  the  Willans  Memorial,  of  which  the  particulars  were 
announced  in   their   last   Annual  Eeport,  the  Council  now  direct 


b  ANNUAL   EEPOET.  Jax.  180G. 

attention  to  the  statement  of  account  presented  lierewith  for  tlie 
past  year  (pages  lG-17),  showing  the  amount  of  the  fund,  and  of  tho 
income  received  therefrom ;  the  latter  amounts  in  the  present 
statement  to  only  half  a  year's  income,  because  the  date  at  which  the 
fund  was  invested  was  not  early  enough  to  secure  the  first  quarter's 
dividend,  and  the  fourth  quarter's  is  payable  on  5th  January  of  the 
present  year.  The  Council  of  this  Institution,  jointly  with  the 
Council  of  the  Institution  of  Electrical  Engineers,  are  the  trustees 
of  the  fund,  which  was  raised  in  memory  of  the  late  Mr.  P.  W, 
Willans  for  the  purpose  of  awarding  triennially  or  at  longer 
intervals  a  premium  for  the  best  original  paper  on  such  a  general 
subject  as  the  utilization  or  transformation  of  energy,  treated 
especially  from  the  point  of  view  of  efficiency  or  economy.  The  first 
award  will  be  made  in  December  of  next  year,  1897,  by  the 
Institution  of  Electrical  Engineers. 

The  repeal  of  existing  statutes,  so  far  as  they  operate  to  prevent 
Mechanical  Locomotion  upon  Common  Eoads,  apart  from  traction 
engines,  formed  the  subject  of  a  memorial  to  the  Eight  Honourable 
Henry  Chaplin,  M.P.,  President  of  the  Local  Government  Board, 
which  was  signed  by  many  of  the  Members  attending  the  autumn 
meeting  of  the  Institution.  Should  the  appeal  prove  successful,  the 
Council  are  sanguine  [enough  to  anticipate  with  confidence  the 
speedy  development  of  a  branch  of  mechanical  engineering,  which 
may  even  call  forth  an  amount  of  enterprise  exceeding  anything 
that  has  yet  arisen  in  connection  with  the  remarkably  rapid  growth 
of  the  cycle  manufacture. 

The  Library  of  the  Institution  has  received  by  presentation  and 
exchange  during  tho  past  year  the  additions  enumerated  in  pages 
18-26,  for  which  the  Council  here  record  their  thanks  to  the  several 
Donors.  Members  who  have  published  works  valuable  for  reference, 
or  original  pamphlets  on  engineering  subjects,  or  records  of 
experiments,  of  which  they  could  present  copies,  are  reminded  thai 
such  contributions  to  the  Library  are  acceptable  for  permanent 
preservation. 
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The  General  Meetings  in  1895  were  the  Annual  General  Meeting 
and  the  Spring  Meeting,  both  held  in  London  ;  the  Summer  Meeting 
in  Glasgow ;  and  the  Autumn  Meeting  in  London.  Altogether 
eight  sittings  were  occupied  in  the  reading  and  discussion  of  twelve 
of  the  following  Papers,  which  are  published  in  the  Proceedings  : — 

The  Determination  of  the  Dryness  of  Steam ;   by  Professor  W.  Cawthoruo 

Unwin,  F.E.S. 
Experiments  on  a  Vertical  Single-cylinder  Steam-Engine,  with  and  without 

Steam   in  the   Jackets,  Condensing  and  Non-condensing,  Double  and 

Single-acting,  at  diflferent  Expansions,  with  Saturated  and  Superheated 

steam ;  by  Mr.  Bryan  Donkin. 
Governing  of  Steam  Engines  by  Throttling  and  by  Yariable  Expansion;  by 

Capt.  H.  Kiall  Sankey. 
Third  Report  to  the  Alloys  Research  Committee  ;  by  Professor  W.  C.  Roberts- 
Austen,  C.B.,  F.E.S. 
Appendix   on  the  Elimination   of  Impurities  during  the   process  of  making 

"  Best  Selected  "  Copper ;  by  Mr.  Allan  Gibb,  A.R.S.M. 
Appendix  on  the  Pyrometric  Examination  of  the  Alloys  of  Copper  and  Tin  ; 

by  Mr.  Alfred  Stansfield,  A.R.S.M. 
Locomotive  Building  in  Japan ;  by  Mr.  Richard  F.  Trevithick. 
Hydraulic    Stoking    Machinery  and    Labour-Saving   Appliances    in    modern 

Gas  Works ;  by  Mr.  Andrew  S.  Biggart. 
Notes  on  Hydraulic  Power  Supply  in  Towns :  Glasgow,  Manchester,  Buenos 

Aires,  &c. ;  by  Mr.  Edward  B.  Ellington. 
Recent  Engineering  Improvements  of  the  Clyde  Navigation  ;  by  Mr.  James 

Deas. 
Notes  on  modern  Steel-"\\'orks  Machinery ;  by  Mr.  James  Riley. 
The  Electric  Lighting  of  Edinburgh ;  by  Mr.  Henry  R.  J.  Burstall. 
Report  on  the  Lille  Experiments  upon  the  Comparative  Efficiency  of  Ropes 

and  Belts  for    the  Transmission  of  Power;    translated    by  Professor 

David  S.  Capper. 
Observations    on    the    Lille    Experiments  upon  the   Comparative  Efficiency 

of   Ropes  and    Belts  for    the   Transmission  of   Power;    by  Professor 

David  S.  Capper. 
Abstract  of  Report  on   the   results  of  preliminary  tests  of  the  Strength  of 

Copper;    by  Professor    A.   Martens.      Translated    and    abstracted    by 

Mr.  C.  H.  Moberly. 

The  attendances  during  1895  were  as  follows: — at  the  Annual 
General  Meeting   100  Members  and   111  Visitors;   at  the   Spring 
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Meeting  73  Members  and  55  Visitors;  at  the  Summer  Meeting 
298  Members  and  129  Visitors;  and  at  tlie  Autumn  Meeting  75 
Members  and  68  Visitors. 

The  Summer  Meeting  was  held  in  Glasgow,  after  an  interval  of 
sixteen  years  since  the  last  meeting  took  place  in  that  City  in  1879. 
It  was  made  the  occasion  for  Papers  of  wide  engineering  interest, 
dealing  with  local  enterprises  which  there  was  at  the  same  time 
the  opportunity  of  inspecting: — namely  the  Gas  Works,  with  the 
most  recent  hydraulic  machinery  for  charging  and  drawing  the 
retorts ;  the  Hydraulic  Power  Supply  just  brought  into  operation  ; 
the  Clyde  Navigation,  and  the  works  still  in  progress  for  Cessnock 
Dock;  and  also  the  modem  Steel- Works  Machinery  in  use  at  the 
works  of  the  Glasgow  Iron  and  Steel  Company  at  Wishaw.  The 
visits  to  these  several  Works,  and  to  the  many  other  engineering, 
shipbuilding,  and  manufacturing  establishments  opened  to  the 
inspection  of  the  Members,  were  arranged  in  connection  with  the 
several  proprietors  and  authorities  by  an  Executive  Committee  under 
the  chairmanship  of  Sir  Eenny  Watson,  and  by  sub-committees  of 
which  Sir  William  Arrol,  M.P.,  and  Mr.  Stephen  Alley  were 
chairmen.  The  Honourable  the  Lord  Provost,  Sir  James  Bell,  Bart., 
and  Lady  Bell,  signalised  the  Meeting  by  inviting  the  Members  to  a 
Conversazione  in  the  Municipal  Buildings ;  and  a  concluding  day's 
Excursion  upon  the  Firth  of  Clyde  was  provided  by  the  kindness  of 
the  Executive  Committee. 

The  details  of  the  attractive  programme  drawn  up  by  the 
Committee  were  undertaken  and  admirably  carried  out  by  Professor 
Archibald  Barr,  as  Honorary  Secretary ;  and  as  an  expression  of  the 
high  appreciation,  shared  with  themselves  by  all  who  attended  the 
Glasgow  Meeting,  of  the  value  of  his  kind  exertions  for  their 
gratification,  the  Council  have  presented  him  with  a  bronze  statuette 
"  Mignon,"  bearing  a  suitable  inscription  commemorating  his  aid. 

The  Council  have  the  pleasure  of  announcing  that  they  have 
decided  upon  holding  the  Summer  Meeting  in  the  present  year  in 
Belfast,  in  response  to  representations  received  from  local  Members 
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in  favoiu*  of  tMs  decision.  On  tlie  occasion  of  tlie  Dublin  Meeting 
in  1888,  whence  too  short  a  visit  was  paid  to  Belfast,  it  was  felt  that 
a  Slimmer  Meeting  in  Belfast  would  be  highly  desirable  at  an  early 
opportunity ;  and  the  prospect  is  now  welcome  of  realising  the  wish 
then  originated  and  since  cherished. 

In  accordance  with  the  Kules  of  the  Institution,  the  President, 
two  Vice-Presidents,  and  five  Members  of  the  Council,  retire  from 
of&ce  this  day.  The  result  of  the  ballot  for  the  election  of  the 
Council  for  the  present  year  will  be  announced  to  the  Meeting.] 
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Br.         ACCOUNT  OF  EXPEXDITUEE  AND  EECEIPTS 

Expenditure.  £     «•   ^■ 

£     «.    d. 

To  Printing  and  Engraving  Proceedings  of  1895  .     .    1,13319    2 

Xe«s  Authors' Copies  of  Papers,  repaid  ....         26    5     0  1,107  14    2 

„  Stationery  and  General  Printing ,      .     ,  199    9    7 

„  Binding 29     3    0 

„  Rent  of  Offices        710    0     0 

„  Salaries  and  Wages 1,936     1     0 

„  Coal,  Firewood,  and  Lighting 43  14     3 

„  Fittings  and  Repairs 36  11     6 

„  Postages,  Telegrams,  and  Telephone 294  14  10 

„  Insurance 706 

„  Petty  Expenses 32    7  10 

„  Meeting  Expenses — 

Frinting 176     7     8 

Reporting 56    2    3 

Diagrams,  Screen,  &c 191  18    4 

Travdling  and  Incidental  Expenses    ....       301  19    8  726    7  11 

„  Dinner  Guests 52     1  11 

„  Research 404  18     6 

,,  Books  purchased 6  14     1 

„  "Willans  Premium  Fund 116 

5,588    0    7 

Accounts  owing,  not  yet  rendered,  say 600    0    0 

Less  Reserve  in  previous  year  for  accounts  since  paid        600    0    0         0    0    0 

Balance,  being  excess  of  Receipts  over  Expenditure,  carried  down —  1,686  IS    9 

£7,274  19    4 


To  Investment — 

£1,200  Great  Western  Railicayi%  Debenture  Stock    .     .     .     ],7^!2     4    0 

To  House  for  Institution — 

Expended  on  Building  to  date 1,352  16    4 

(ground  Rent  during  construction      ....        422  12     1  1,775     S     5 

Cash  Balance  3l8t  December  1895 2,623    0     1 

£6,180  12    6 
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FOR  THE  YEAE  ENDING  31st  DECEMBER  1895.  Cr. 

Eeceipts.  £       g.   cI. 

By  Entrance  Fees —  £       «.  d. 

70  Neio  Members  at  £2 140    0  0 

55  New  Associate  Members  at  £1      ....  55    0  0 

4  Neto  Associates  at  £1 4     0  0 

2  Associate  Members  transferred  to  Members 

at£l 2    0  0 

1  Graduate  transferred  to  Member  at  £1  .     .  10  0     202    0    0 

„   Subscriptions  for  1895 — 

1635  Members  at  £3 4,905     0  0 

117  Associate  Members  at  £2  10s 292  10  0 

59  Associates  at  £2  10s 147  10  0 

148  Graduates  at  £1  10s 222    0  0 

2  Associate  Members  transferred  to  Members 

at  10s 100 

1  Graduate  transferred  to  Member  at  £1  10s.  .  1  10  0 
8  Graduates  transferred  to  Associate  Members 

at£l 8    0  0  5,577  10    0 

„   Subscriptions  in  arrear — 

90  Members  at  £3 270     0  0 

5  Associate  Members  at  £2  10s 12  10  0 

1  Associate  at  £2  10s 2  10  0 

2  Graduates  at  £2 4     0  0 

10  Graduates  at  £1  10s 15    0  0     304    0    0 

„   Subscriptions  in  advance — 

24  Members  at  £3 72     0  0 

6  Associate  Members  ai  £2  10s 15     0  0 

2  Associates  at  £2  lOs 5     0  0 

2  Graduates  at  £1  10s ,    .     .     .  3    0  0       95    0    0 

„  Interest — 

From  Investments 890     9  4 

From  Whitworth  Bequest 133  16  8 

From  Bank 13     1  10  1,037    7  10 

„  Eeports  of  Proceedings — 

Extra  Copies  sold 59     1     6 

£7,274  19    4 


By  Balance  brought  down 1,686  18  0 

By  Life  Compositions,  2  Members 35  0  0 

By  Sale  of  Investments 1,765  18  0 

Cash  Balance  31st  December  1894 2,692  15  9 


£6,180  12    6 


14  AKXUAL   REPORT.  Jan.  1896. 

Dr.  BALANCE  SHEET 

£    «.  d. 
To  Sundry  Creditors — 

Accounts  oxcing,  not  yet  rendered,  say 600    0    0 

Capital  of  the  Institution  at  tliis  date'; 42,052    8     6 

(exclusive  of  back  numbers  of  Proceedings,  •which  cost  £5,000) 


£42,652    8    6 


Signed  by  the  following  members  of  the  Finance  Committee: — 


ALEXANDER  B.  W.  KENNEDY, 
DOUGLAS  GALTON, 
BRYAN  DONKIN, 


JOHN  IIOrivIXSON, 
JOHN  G.  MAIR-RUMLEY, 
WILLIAM  H.  MAW. 
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AS  AT  31sT  DECEMBEE  1895. 


Cr. 


By  Casli — In  Union  Bank,  on  Deposit     .... 

»        „        n      on  Current  account  . 
In  London  Joint  Stock  Bank      312     3    4 


1,695  18    0 
427     2     1 


£     «.   d. 


In  hand  (   fPf^^^d  since  \ 
y  closing  accounts  j 

„  Investments— (cosf   £27,340  9s.  9d.) 


187  16    8     500    0    0      2,623    0    1 


2,200  North  Eastern  Railway  4%  Debenture  Stock 

3,000  Great  Western       „ 

2,244  Great  Eastern        „  „ 

2,755  Metropolitan  „  „ 

2,325  „  „  8J% 

1,000  Aire  and  Calder  Navigation  „ 

4,237  London  and  North  Western  By.    3% 

3,288  Midland  Bailicay  „ 

2,450  Taff  Vale      „ 

4,053  India  3%  Stock 

One  hundred  and  Jive  £10  shares  Sir  J.  Whitworth  and  Co.,  Ld. 
Tlie  Market  Value  of  these  investments 

at  ^Ist  Dec.  18^?,  was  about  .     .    36,271     0    0 

„  Subscriptions  in  Arrear,  probable  value 300    0    0 

„  Office  Furniture  and  Fittings .  343    0    0 

„  Library 1,240    0    0 

„  Drawings,  Engravings,  Models,  Specimens,  and  Sculpture     .  100    0    0 

„   Proceedings,  back  numbers,  cost  £5,000 

„  House  for  Institution,  expenditure  to  date 1,775    8    5 

£42,652    8    6 


Audited  and  Certified  by 


KOBEKT  A.  McLEAN,  F.OA., 
Auditor, 
1  Queen  Victoria  Street,  London,  E.G. 
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Dr.  TVILLANS 

£      8.  d. 
To  Investment  £159  8«.  5d.  of  India  3'^;  Stock 165    5     0 


To  Interest  received,  half  year 


£165 

5 

0 

2 

7 

8 

£2 

7 

8 

DECLAEATIOX  OF  TEUST 
OF  THE  WILLAXS  PEEMIUM  FUND. 

To  all  to  whom  these  presents  shall  come  The  Institution  of 
3Iechanical  Engineers  and  The  Institution  of  Electrical  Engineers 
send  greeting.  "Whereas  a  Fund  has  been  subscribed  by  the  friends 
■of  the  late  Peter  William  Willans,  of  Thames  Ditton,  for  the 
purpose  of  commemorating  his  name  and  the  services  which  he 
rendered  to  Engineering  and  Electrical  science  ;  and  at  the  request 
of  the  subscribers  to  the  said  fund  the  above-named  Institutions 
have  agreed  to  act  as  joint  Trustees  thereof,  and  the  sum  of  One 
hundred  and  sixty-five  pounds  has  accordingly  been  paid  to  the  said 
Institutions  :  now  these  presents  witness  that  the  said  Institutions  do 
hereby  declare  the  Trusts  upon  which  they  hold  the  said  fund  to  be 
as  follows : — 

1.  To  invest  the  said  fund  upon  such  securities  as  trustees  are  by 
law  authorised  to  hold,  and  in  such  names  as  the  Councils  of  the  two 
Institutions  shall  from  time  to  time  direct. 

2.  To  apply  the  proceeds  of  the  said  investment  as  and 
when  received,  after  payment  of  any  expenses  incidental  to  the 
administration  of  the  trust,  to  the  Premium  hereinafter  described,  to 
be  known  as  "  the  "Willans  Premium." 

3.  The  "Willans  Premium  shall  be  awarded  alternately  by  the 
Council  of  each  of  the  above-mentioned  Institutions ;  and  first  by  the 
Institution  of  Electrical  Engineers  in  December  1897. 

4.  The  Council  of  the  awarding  Institution  in  each  alternate 
period  shall  award  the  "Willans  Premium  for  the  best  original  paper 
communicated   to   their  Institution,   dealing   with  such   a   general 
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TEEMIUM  FUND.  Cr. 

£    s.  d. 

By  Fund  subscribed 164    3    6 

„   Institution  of  Blecbanical  Eufrineers 1     1     G 


£165 

5 

0 

2 

7 

S 

£2 

7 

8 

By  Held  in  trust  by  Institution  of  Mechanical  Engineers     . 

Audited,  certified,  and  signed 
hy  the  names  on  pages  li-lS. 

subject  as  the  utilisation  or  transformation  of  energy,  treated 
especially  from  the  point  of  view  of  efficiency  or  economy :  provided 
that  the  Premium  shall  not  be  awarded  unless  a  paper  of  sufficient 
merit  in  the  judgment  of  the  awarding  Council  shall  have  been  so 
communicated  since  the  preceding  award  of  that  Council. 

5.  The  Premium  shall  be  awarded  triennially  in  and  after 
December  1897,  unless  otherwise  determined  by  resolution  of  the 
respective  Councils  of  the  two  Institutions. 

6.  The  Premium  may  be  awarded  either  in  money  or  books  or 
medal,  or  in  any  other  form  which  in  the  instance  of  any  individual 
award  the  awarding  Council  may  then  determine. 

7.  In  case  of  no  award  at  the  end  of  any  triennial  period, 
the  premium  available  for  that  award  shall  be  added  to  the  capital 
of  the  fund. 

In  witness  whereof  the  Institution  of  Mechanical  Engineers  have 
hereunto  affixed  their  common  seal,  and  the  President  and  Secretary 
of  the  Institution  of  Electrical  Engineers  have  hereunto  set  their 
hands,  this  sixteenth  day  of  January  1895. 


The   Seal    of    the    Institution    of  Mechanical    Engineers  was 
impressed  by  the   President   in   the    presence    of    Alfred    Bache, 
Secretary  ;  and  the  document  was  signed  as  follows : — 
Alexander  B.  W.  Kennedy, 
President  of  the  Institution  of  Mechanical  Engineers. 

E.  E.  Crompton, 

President  of  the  Institution  of  Electrical  Engineers. 

F.  H.  Webb,  Secretary  of  the  Institution  of  Electrical  Engineers. 
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LIST  OF  DOXATIONS  TO  LIBRAEY. 


Tcxt-ljook  on  Gas,  Oil,  and  Air  Engines,  by  Bryan  Donbin ;  from  tlic  author. 
The  AVatcr  Meter,  its  difficulties,  types,  and  applications,  by  Walter  G.  Kent ; 

from  the  author. 
Bores  and  Loads  for   Sporting  Guns  for  British  Game  Shooting,  by  W.  A. 

Adams ;  from  the  author. 
Twenty-six  years'  Reminiscences  of  Scotch  Grouse  Moors,  by  "W.  A.  Adams ; 

from  the  author. 
Appliances  and  Apparatus  for  the  Prevention  of  Accidents  in  Factories ;  from 

the  Society  for  the  Prevention  of  Accidents  in  Factories,  Muihouse. 
The  following  from  the  author,  Mr.  Henry  Webb  : — Prompt  Aid  to  tlie  Injured  ; 
With  the  Iron  and  Steel  Institute  to  America ;  Manufacture  of  Iron ;  Steel 
and  its  Manufacture. 
Practical   Treatise   on   Gas    Light,   by   Frederick    Accum ;    from   Mr.   Bryan 

Donkin. 
Steam  Power  and  Mill  Work,  by  G.  W.  Sutclifte ;  from  the  publishers. 
Motive  Pawcrs  and  their  practical  selection,  by  E.  Bolton ;  from  the  publishers. 
The  Steam  Jacket,  by  W.  Fletcher  ;  from  the  publishers. 

The  following  from  the  author,  Mr.  Jeremiah  Head  : — American  Rail  and  Tram 
ways;  Manufacture  of  cheap  Pig  Iron,  &c.,  in  the  southern  states  of  North 
America. 
The  following  from  Mr.  James  Robert  Mosse : — Canadian  Pacific  Railway 
Report  1880 ;  Annual  Report  of  the  Railroad  Commissioners  of  the  State  of 
New  York,  Part  I.,  1885  ;  Civil  Engineer  and  Architect's  Journal,  1840-42, 
1848,  1849 ;  Permanent  Way  and  Coal-burning  Locomotive  Boilers  of 
European  Railways,  by  Z.  Colburn  and  A.  L.  HoUey ;  Engineer  and 
Machinist's  Assistant,  Text  and  Plates. 
Photography,  Artistic  and  Scientific,  by  R.  Johnson  and  A.  B.  Chatwood  ;  from 

Mr.  A.  B.  Chatwood. 
Engineering    Contracts    and    Specifications,    by    J.    B.    Johnson ;     from    the 

Engineering  News  Publishing  Co. 
The  following  from  the  author.  Sir  Guilford  L.  Blolesworth,  K.C.I.E. :— Report 
on    Proposed    Railway    from    Mombasa    to    Victoria    Nyanza ;    Railway 
Construction. 
Ausgtfiilirte  Heizungs-   und   LUftungs-Anlagen,  by  David  Grove;    from   the 
autiiior. 
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Wirksamkeit  der  Dampf-ruantel  bei  Dampf-maschinen,  by  M.  F.  Gutermutb  ; 

from  the  author. 
Wolhuter  Gold  Mining  Co.,  Keport  and  Balance  Sheet,  October  1894 ;  from  the 

Company. 
South  African  Association  of  Engineers  and  Architects,  Proceedings,  Vols.  1 

and  2,  1892-95 ;  from  the  Association. 
Temperature-Entropy  or   Theta-Phi   Chart  for  one  pound  of  H„0  in  British 

Units;  from  Capt.  H.  Kiall  Sankey. 
Application  of  Electro-Motors  for  Power  Purposes,  by  Thomas  L.  ]\Iiller ;  from 

the  author. 
Verbund-Lokomotiven  in  Nord-Amerika,  by  E.  Briickmann ;  from  the  author, 
Kede  zum  Geburts-feste  seiner  Majestat  des  Kaisers  und  Konigs  Wilhelm  II.  in 

der  Aula  der  Koniglichen  Techiiischen  Hoch-schule  zu  Berlin,  2G  Januar 

1895  ;  from  the  Rector. 
Lubricants,  their  use,  testing,  and  analysis,  by  "W.  F.  E.  Seymour;   from  the 

author. 
Report  of  the  Hydraulic  Engineer  on  the  "Water  Supply  of  Queensland,  1894  ; 

from  Mr.  J.  B.  Henderson. 
Etude  experimentale  de  la  Vaporisation  dans  Ics  Chaudieres  de  Locomotives,  by 

A.  Henry  ;  from  M.  Georges  Marie'. 
L'Or  a  Minas  Geraes,  vol.  2,  part  1,  by  P.  Ferrand ;  from  the  author. 
Sixth  Annual  Report  of  the  De  Beers  Consolidated  Mines  for  year  ending 

30  June  1894 ;  from  Mr.  Thomas  Quentrall. 
General  Specifications  for  the  construction  of  a  Stiffened  Suspension  Bridge  over 

the  Hudson  River  at   New  York   City,  by  Theodore   Cooper;    from  the 

author. 
List  of  Chinese  Lighthouses,  Light  Vessels,  Buoys,  and  Beacons,  1895 ;  from 

the  Inspector-General  of  Chinese  Customs. 
Report  upon    the    Explosion    of    a    Boiler    at  Eagle  Wharf  Road,   London, 

17  December  1894,  by  J.  C.  Chapman;  from  the  author. 
Whirlmg  and  Vibration  of  Shafts,  by  Stanley  Dunkerley ;  from  the  author. 
Recent  developments  of  Coal  Mining  in  Japan,  by  George  Cawley ;  from  the 

author. 
Tb«    following    from    M.    E.    Sauvage  :  —  Prise    des    e'prouvettes    d'cssais  ; 
Comparaison  des  re'sultats  fournis  par  diife'rentes  (^prouvettes  preleve'es  sur 

une  mcme  piece    me'tallique;    Rapport    sur  les    Locomotives  Articule'es 
Compound  a  quatre  cyliadres  de  A.  Mallet. 
Presidential  Address  to  ihe  Institution  of  Mining  and  Metallurgy,  by  J.  H. 

Collins  ;  from  the  author. 
Artesian  Water  in  the  western  interior  of  Queensland,  by  R.  J.  Jack ;  from  the 

Government  of  Queensland. 
Examples  of  high-grade  Pumping  Engines,  by  E.  D.  Leavitt,  Jun.  ;   from  the 
author. 

y  2 
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Proceedings  of  the  Conference  on  Inland  Navigation,  1895;  from  the  Federated 

Inetltution  of  Mining  Engineers. 
Inland  Navigation,  with  special  reference  to  the  Birmingham  district,  by  L.  F. 

Vemon-Harcourt ;  from  the  autlior. 
Soundings   in   various  oceans,  taken  by  the  India-rubber,  Gutta-percha,  aiid 

Telegraph  Works  Co.,  1889-94  (two  pamphlets) ;  from  the  company. 
Bi-annual   Report  of  the  Johannesburg   Sanitary    Committee,  Public  Works 

Department,  to  31  December  1894  ;  from  Messrs.  Clowes  and  Sons. 
Decimal  Problem  and  its  urgency,  by  Professor  R.  M.  Walmsley ;  from  Mr.  K. 

Morven. 
Report  of  Proceedings  of  the  new  Decimal  Association,  20  November  1894 ; 

from  the  Association. 
Water-Tube  Boilers,  by  A.  R.  Edmondson  ;  from  the  author. 
Water-Tube  Boilers,  by  Professor  W.  H.  Watkinson  ;  from  the  author. 
The  following  from  the    Ministers    des    Travaux    publics : — Atlas  des  voics 

navigables   de  la  France,  Canal  du   Centre;    Commission  des  me'thodcs 

d'essai   des   Mate'riaux   de   Construction ;    Notes   bibliographiques   sur  la 

question  des  essais  et  laboratoires  d'essais  des  Mate'riaux  de  Construction, 

by  R.  Cordier. 
Explosionen  der  Dampf-leitungen  auf  Schiffen,  by  H.  GwUt ;  from  the  author. 
New  Telocity  Recorder,  and  its  application  to  Anemometry  and  other  purposes, 

by  J.  Alfred  Griffiths;  from  the  author. 
The  Slide-Rule  and  some  of  its  applications,  by  Theodore  Reunert ;  from  the 

author. 
Village  Water  Supplies,  by  Reginald  E.  Middleton ;  from  the  author. 
Reports    of   the    Kew    Observatory    Committee,    1893    and    1894;    from  the 

Committee. 
Express  Locomotives,  by  John  A.  F.  Aspinall ;  from  the  author. 
Steam-Engine  Economy,  with  description  and  tests  of  Field's  combined  steam 

and  hot-air  engine,  by  Professor  Andrew  Jamieson ;  from  the  author. 
Theory  and  Action  of  some  automatically  balanced  Machinery,  by  W.  Worby 

Beaumont ;  from  the  author. 
Electrical  Transmission  and  Distribution  of  Power  ;  from  the  Electrical  Co. 
Engineering  and  Shipbuilding  in,  the  iFar  East,  by  W.  C.  Jack;   from  tho 

Institution  of  Engineers  and  i?hipbuilders.  Hong  Kong. 
Register  of  the  Institute  of  Chemistry  of  Great  Britain  and  Ireland,  I<?95-9G; 

from  the  Institute. 
Catalogue  of  Science  Library,  South  Kensington  Museum,  supplement  1895; 

from  the  Science  and  Art  Department. 
Classified   Lists  and   Distribution   Returns  of  Establishment,  Indian   Public 

Works  Department,  to  31  Dec.  1S94  and  30  June  1895;  from  the  Registrar. 
Cla.egow  Harbour  Tunnel ;  from  the  Otis  Elevator  Co. 
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The  following  from  the  Ordnance  Office,  Washington,  United  States  : — Annual 
Keport  of  the  United  States  Chief  of  Ordnance,  1S94 ;  Notes  on  the 
Construction  of  Ordnance. 

Tables  for  Degree  Curve  and  Intersection  Angles  from  90°  to  180°,  also  for 
Fixed  Tangents  from  100  ft.  to  7,500  ft.,  by  F.  G.  Brook-Fox ;  from  the 
author. 

Trials  of  Oil  Engines  at  Cambridge,  by  Professor  David  S.  Capper;  from  the 
author. 

Strength  of  Canadian  Douglas  Fir,  Eed  Pine,  White  Pine,  and  Spruce,  by 
Professor  Henry  T.  Bovey ;  from  the  author. 

Engineering  Works  and  Operations  at  Perim  Island,  by  John  Eeney  Smith ; 
from  the  author. 

Presidential  Address  to  the  Mechanical  Science  Section  of  the  British 
Association,  1895,  by  L.  F.  Vernon-Harcourt ;  from  the  author. 

Hungarian  Patent  Law  of  7th  July  1895  ;  from  Mr.  J.  Ct.  Hardy. 

■Sleasurement  of  Cyclically  Varying  Temperature,  by  Frederic  W.  Burstall; 
from  the  author. 

Considerations  sur  les  phe'nomenes  du  Frottement  dans  les  machines,  by  N.  J. 
Eaifard ;  from  the  author. 

Effects  of  the  Products  of  Combustion  upon  explosive  mixtures  of  Coal  Gas  and 
Air,  by  F.  Grover ;  from  the  author. 

Photograph  of  work  exhibited  by  the  King's  Norton  Metal  Co.  at  the  Iron  and 
Steel  Institute  Meeting,  Birmingham  1895  ;  from  Mr.  T.  R.  Bayliss. 

Transactions  and  Proceedings  of  the  Japan  Society,  London,  Vol.  2,  1892-93, 
Part  3  ;  from  Mr.  George  Cawley. 

Photograph  of  Members  visiting  Messrs.  Neilson  and  Co.'s  Hyde  Park 
Locomotive  Works,  Glasgow,  31  July  1895  ;  from  Messrs.  Neilson  and  Co. 

■Service  des  Eaux  de  Versailles,  Marly,  Meudon,  Saint-Cloud  ;  from  Mr.  Henry 
Chapman. 

Bandsagen  fiir  Metall-bearbeitung,  by  Paul  MoUer  ;  from  the  author. 

The  following  official  publications  from  the  Government  of  New  South  Wales: — 
Annual  Report  of  the  Railway  Commissioners  for  the  year  ending  30  June 
1894,  with  supplement ;  Annual  Report  of  the  Metropolitan  Board  of 
Water  Supply  and  Sewerage,  1894 ;  Report  of  the  Department  of  Public 
AVorks,  1893-94 ;  Report  of  the  Department  of  Mines  and  Agriculture, 
1894;  Tenth  General  Report  of  the  Parliamentary  Standing  Committee  on 
Public  Works;  First  Progress  Report  on  Hunter  District  Water  Supply 
and  Sewerage  Works  ;  Seven  Colonies  of  Australasia,  1894,  by  T.  A.  Coghlan  ; 
Statistical  Register,  1893  and  previous  years,  by  T.  A.  Coghlan ;  Street- 
Paving  in  Sydney,  by  G.  W.  Bell. 

Official  Illustrated  Handbook,  Colony  of  Natal,  by  J.  F.  Ingram;  from  the 
Agent  General  for  Natal. 
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Annual  Eeport  of  the  Chief  of  the  Bureau  of  Steam  Engineering,  United  States 

Kavy  Department,  1895,  from  the  Bureau. 
Catalogue   of  tlie   Exhibit  of  the  Pennsj'lvauia  Railway  Co.   at  the  World's 
Columbian  Exposition,  Chicago  1S93  ;  from  the  Penrisylvania  Eailroad  Co. 
Yorkshire  College,  Leeds,  Annual  Report  1893-94 ;  from  the  College. 
Lockwood's  Builder's  and  Contractor's  price-book,  1895 ;  from  Messrs.  Crosby 

Lockwood  and  Son. 
City  and  Guilds  of  London  Institute,  programme  of  Central  Technical  College, 

.  1S95;  from  the  Institute. 
Cornell  University  Register,  1894-95  ;  from  the  Uuiversity. 
Ballarat  School  of  Mines,  Calendar  1894  :  from  the  School. 
General  catalogue  of  "West's  Gas  Improvement  Co.  ;  from  the  company. 
Spons'  Engineers'  and  Contractors'  illustrated  book  of  prices,  1895-96  ;  from  the 

publishers. 
Illustrated  catalogue  of  Machine-Tools ;  from  Messrs.  J.  Butler  and  Co. 
Illustrated  catalogue  of  Machine-Tools ;  from  Messrs.  John  Hetherington  and 

Sons. 
Illustrated  catalogue  of  Machine-Tools ;  from  Messrs.  William  Sellers  and  Co. 
Illustrated  catalogue  of  Hydraulic  Tools  and  Machinery ;  from  Mr.  Ralph  H. 

Tweddell. 
Hand-book  of  Steel  Sections ;  from  Messrs.  Dorman,  Long  and  Co. 
Illustrated  catalogue  of  Emery  Wheels  and  Emery  Grinding  Machinery ;  from 

the  Loudon  Emery  Works  Co, 
Eeport  to  the  Governors  of  the  City  and  Guilds  of  London  Institute,  March 

1895;  from  the  Institute. 
Calendars   for   1895-96  from  the  following  Colleges :— Royal  Technical  High 

School,  Berlin;  Mason  Science  College,  Birmingham;  Mimicipal  Technical 

School,  Brighton ;  University  College,  Bristol ;  City  and  Guild.s  of  London 

Technical   College,   Finsbury ;  Glasgow  and   West  of  Scotland  Technical 

College  ;  Michigan  Miuing  School,  Houghton,  Mich. ;   Yorkshire  College, 

Leeds;    City    of   London    College;    King's    College,    London;    Sheffield 

Technical  School. 
Civil  Engineering  College,  Sibpur,  Calendar  1895  ;  from  the  College. 
Ironmonger  diary,  1896  ;  from  the  publishers. 

Board  of  Trade  Reports  on  Boiler  Explosions  ;  from  the  Board  of  Trade. 
Photogravures  of  some  of  the  War  Ships  recently  built  by  Laird  Bros,  for  tho 

British  and  other  Navies ;  from  Messrs.  Laird  Bros. 
Gleanings  from  Patent  Laws  of  all  countries,  by  W.  Lloyd   Wise :   from  the 

author. 
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From  the  United  States  Gcolorjical  Survey  : — 

Fourteenth  Annual  Eeport  of  the  United  States  Geological  Survey,  1S92-93,  by 

J.  W.  Powell. 
Bulletins  of  the  United  States  Geological  Survey,  Nos.  118-122. 
The  following  Monograi^hs  of  the  Survey  : — 

XXIII.  Geology    of   the    Green    Mountains    in    Massachusetts,  by    Eaphael 
Pumpelly,  J.  E.  Wolff,  and  T.  Nelson  Dale. 

XXIV.  Mollusca  and  Crustacea  of  the  Miocene  Formations  of  New  Jersey,  by 
Eobert  Parr  Whitfield. 


'  "    Hie  following  Pvhlications  from  the  respective  Societies  and  Authorities  ; — 

Reports  of  the  Academy  of  Science,  France. 

Annales  des  Ponts  et  Chaussees,  Paris. 

Proceedings  of  the  French  Institution  of  Civil  Engineers. 

Journal  of  the  French  Society  for  the  Encouragement  of  National  Industry. 

Annales  des  Mines. 

Annales  du  Conservatoire  des  Arts  et  Metiers. 

Journal  of  the  Marseilles  Scientific  and  Industrial  Society. 

Proceedings  of  the  Industrial  Society  of  St.  Quentin  et  de  I'Aisne. 

Proceedings  of  the  Industrial  Society  of  the  North  of  France. 

Proceedings  of  the  Industrial  Society  of  Rouen. 

Proceedings  of  the  Industrial  Society  of  Mulhouse. 

Annals  of  the  Association  of  Engineers  of  Ghent. 

Proceedings  of  the  Society  of  German  Engineers. 

Reports  of  the  Royal  Academy  of  Science,  Belgium. 

Reports  of  the  Royal  Institute  of  Engineers,  Holland. 

Bulletins  of  the  Commission  Internationale  du  Congies  des  Chemins  de  fer. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Canton  Vaud. 

Pi;oceedings  of  the  Engineers'  and  Architects'  Society  of  Austria. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Prague. 

Proceedings  of  the  Architects'  and  Engineers'  Society  of  Hannover. 

Proceedings  of  the  Italian  Engineers'  and  Architects'  Society. 

Proceedings  of  the  Swedish  Technical  Society. 

Journal  of  the  Norwegian  Technical  Society. 

Journal  of  the  Franklin  Institute. 

Transactions  of  the  American  Society  of  Civil  Engineers. 

Transactions  of  the  American  Society  of  Mechanical  Engineers. 

Transactions  of  the  American  Institute  of  Mining  Engineers. 
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School  of  Mines  Quarterly,  Columbia  College,  New  York. 

Reports  of  the  Smithsonian  Institution. 

Report  of  the  blaster  Car-Builders'  Association,  Xcw  York. 

Proceedings  of  the  United  States  Naval  Institute 

United  States  Patent  OfBce  Grazette. 

Journal  of  the  Association  of  Engineering  Societies. 

Journal  of  the  United  States  Artillery. 

Transactions  of  the  Canadian  Society  of  Civil  Engineers. 

Proceedings  and  Journal  of  the  Asiatic  Society  of  Bengal. 

Proceedings  of  the  Committee  of  Locomotive  and  Carriage]  Superintendents  for 

India. 
Proceedings  of  the  Institution  of  Civil  Engineers. 
Journal  of  the  Iron  and  Steel  Institute. 
Transactions  of  the  Society  of  Engineers. 
Journal  of  the  Institution  of  Electrical  Engineers. 
Transactions   of  the  North  of  England  Institute  of  Mining  and   Mechanical 

Engineer.'^. 
Proceedings  of  the  South  Wales  Institute  of  Engineers. 
Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland. 
Transactions  of  the  Liverpool  Engineering  Society. 

Transactions  of  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers. 
Proceedings  of  the  Cleveland  Institution  of  Engineers. 
Transactions  of  the  Mining  Institute  of  Scotland. 

Transactions  of  the  North-East  Coast  Institution  of  Engineers  and  Shipbuildeie. 
Transactions  of  the  Hull  and  District   Institution  of  Engineers  and  Naval 

Architects. 
Philosophical  Transactions  and  Proceedings  of  the  Royal  Society  of  London. 
Proceedings  of  the  Royal  Institution  of  Great  Britain. 
Transactions  and  Professional  Notes  of  the  Surveyors'  Institution. 
Journal  of  the  Royal  United  Service  Institution. 
Professional  Papers  of  the  Royal  Engineers'  Institute. 
Journal  of  the  Royal  Agricultural  Society  of  England. 
Report  of  the  British  Association  for  the  Advancement  of  Science. 
Report  of  the  Royal  Cornwall  Polytechnic  Society. 
Transactions  of  the  Institution  of  Naval  Architects. 
Journal  of  the  Royal  Institute  of  British  Architects. 
Transactions  of  the  Incorporated  Gas  Institute. 
Proceedings  of  the  Physical  Society  of  London. 
Proceedings  of  the  Literary  and  Philosophical  Society  of  Manchester. 
Transactions  of  the  Manchester  Geological  Society. 
Proceedings  of  the  Philosophical  Society  of  Glasgow. 
Journal  of  the  Royal  Scottish  Society  of  Arts. 
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Transactions  and  Proceedings  of  ihe  Eoyal  Irish  Academy. 

Transactions  and  Proceedings  of  the  Eoyal  Dublin  Society. 

Transactions  of  the  Institute  of  Marine  Engineers. 

Journal  of  the  Society  of  Arts. 

Journal  of  the  Society  of  Chemical  Industry. 

Transactions  of  the  Manchester  Association  of  Engineers. 

Transactions  of  the  Junior  Engineering  Society. 

Reports  of  the  Manchester  Steam  Users'   Association ;   from   Mr.   Lavington 

E.  Fletcher. 
Report    of  the    National    BoUer    and    General    Insurance    Company  ;     from 

Mr.  Edward  G.  Hiller. 
Report  of  the  Engine,  Boiler,  and  Employers'  Liability  Insurance  Company ; 

from  Mr.  Michael  Longridge. 
Report  to  the  Council  of  the  Neapolitan  Steam  Boiler  Association,  by  Francesco 

Sinigaglia ;  from  the  Association. 
Report  of  the  London  Association  of  Foremen  Engineers  and  Draughtsmen. 
Twenty-fifth  Annual  Report  of  the  Bradford  Free  Public  Libraries. 
Forty-second  Annual  Report  of  the  Liverpool  Free  Public  Library. 
Forty-third  Annual  Report  of  the  Manchester  Public  Free  Libraries. 
Tliirteenth  Annual  Report  of  the  Newcastle-on-Tyne  Public  Libraries.    , 
Catalogue  of  Additions  during  1894  to  the  Radclifife  Library,  Oxford. 


The  following  Periodicals  from  the  respective  Editors  ;- 


The  American  Engineer  and  Railroad 

Journal. 
Arms  and  Explosives. 
The  Builder. 
Camera  Club  Journal. 

assier's  Magazine. 
Der  Civil-Ingenieur. 
The  Colliery  Guardian. 
The  Contract  Journal. 
The  Electrical  Engineer 

(from  Mr.  John  T.  Ewen). 
Electrical       Plant       and      Electrical 

Industries. 
The  Electrical  Review. 
The  Engineer. 
Engineerin<». 
The  Engineering  and  Mining  Journal. 


The  Engineering  Review. 

The  Fireman. 

The  Journal  of  Gas  Lighting. 

Giomale  del  Genio  Civile. 

Glaser's  Annalen. 

Hardware  Trade  Journal. 

The  Indian  and  Eastern  Engineer. 

L'Industrie. 

Industries. 

The  Iron  and  Coal  Trades  Review. 

Iron  Trade  Circular,  Ryland's. 

The  Ironmonger. 

Ironmongery. 

Lightning. 

The    London    Technical     Education 

Gazette. 
The  Machinery  Market. 
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Tlie  Marine  Engineer. 

The  Mechanical  World. 

The  Mining  Journal. 

Phillips'  Monthly  Machinery  Eegister. 

The  Plumber  and  Decorator. 

The  Practical  Engineer. 

The  Eailway  Engineer. 

EaUway  blaster  Mechanic. 

The  Eailway  Eeview. 


Eevue  ge'nc'rale  des  Chemins  de  fer. 

Eevue  industrielle. 

Eevue  universelle  des  Mines. 

The  Shipping  World. 

Stahl  und  Eisen. 

The  Steamship. 

The  Textile  Eecorder. 

Transport. 


The  PresidenTj  in  moving  tlie  adoption  of  tlie  Eepovt  of  the 
Council,  said  that,  besides  the  honours  which  had  been  conferred 
upon  Members  of  the  Institution  during  1895,  in  the  present  year 
two  new  Baronetcies  had  been  created,  namely  those  of  Sir  William 
Coddington,  Bart.,  M.P.,  and  Sir  Wm.  Thomas  Lewis,  Bart.  To 
each  of  these  Members  the  Council  had  had  the  pleasure  of  offering 
their  congratulations  on  behalf  of  the  Institution.  One  other 
announcement  which  he  should  like  to  make,  for  he  was  sure  it 
would  receive  the  cordial  approval  of  all  the  members,  was  that  at 
today's  meeting  of  the  Council  Professor  W.  Cawthorne  Unwin  had 
been  nominated  as  an  Honorary  Life  Member  of  the  Institution. 
It  was  kno^^•n  to  every  member  that  Professor  Unwin  represented, 
probably  in  a  degree  in  which  no  other  engineer  without  exception 
represented,  the  combination  of  practical  and  scientific  engineering 
knowledge  and  experience  of  the  highest  order ;  and  it  was  a 
peculiar  pleasure  to  himself  that  this  action  on  the  part  of  the 
Council  should  have  been  taken  whilst  he  had  still  the  honour  of 
being  President. 


The  motion  for  the  adoption  of  the  Annual  Eeport  of  the  Council 
with  the  statement  of  accounts  was  then  put  to  the  Meeting,  and 
agreed  to. 
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The  President  moved  on  belialf  of  the  Council  the  following 
Eesolution,  of  which  notice  had  been  given  in  the  circular  convening 
the  present  meeting : — "  That  in  accordance  with  No.  31  of  tho 
Articles  of  Association  the  Council  be  hereby  authorized  to  borrow 
moneys  for  the  purposes  of  the  Institution  on  the  security  of  the 
property  of  the  Institution,  or  otherwise  at  their  discretion."  No.  31 
of  the  Articles  of  Association  was  as  follows : — "  The  Council  may, 
with  the  authority  of  a  resolution  of  the  Members  and  Associate 
Members  in  General  Meeting,  borrow  moneys  for  the  purposes  of 
the  Institution  on  the  security  of  the  property  of  the  Institution, 
or  otherwise  at  their  discretion." 

Mr.  Joseph  Adamson  said  that  as  an  old  member  he  should  be 
glad  to  know  the  reason  why  the  Council  wished  to  alter  this  rule. 
As  far  as  his  recollection  went,  the  members  of  the  Institution 
had  never  refused  to  find  money  for  anything  the  Council  had 
recommended.  It  appeared  to  him  to  be  rather  a  large  concession, 
that  the  members  should  hand  money  over  to  the  Council  for  the  time 
being,  without  any  knowledge  or  any  check  as  to  what  was  to  be 
done  with  it. 

The  President  explained  that  it  was  not  any  alteration  of  the 
rule  which  was  contemplated  by  the  resolution,  but  only  action  iu 
accordance  with  the  rule  already  existing.  The  rule  provided  that 
the  Council  could  not  borrow  money  without  the  sanction  of  a 
General  Meeting.  The  Council  anticipated  that  in  the  course  of 
the  present  year  it  might  become  necessary  to  borrow  money  iu 
connection  with  the  building  of  the  House  for  the  Institution ;  and 
therefore  they  now  asked  the  sanction  of  the  members  at  this  meeting 
to  their  doing  so  if  necessary. 

Mr.  Adamson  said  he  had  evidently  misunderstood  the  purport  of 
the  notice  in  the  circular,  and  he  had  therefore  nothing  further  to  say. 

The  Eesolution  was  then  put  to  the  meeting,  and  carried 
unanimously. 
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The  President  announced  that  the  Ballot  Lists  for  the  election 
of  Officers  for  the  present  year  had  been  opened  by  a  committee  of  the 
Council,  and  that  the  following  were  found  to  be  elected  : — 


PBESIDENT. 


E.  Windsor  Eichards, 


Low  Moor. 


VICE-PRESIDEN  TS. 

Sir  Douglas  Galton,  K.C.B.,  D.C.L.,  LL.D., 

r.E.S.,    ......  London. 

Francis  C.  Marshall,         ....  Newcastle-on-Tyne. 

William  H.  Maw,        .....  London. 

members  of  council. 

Henry  Davey,   ......  London. 

Dr.  John  Hopklnson,  F.R.S.,  .  .  .  London. 

Arthur  Keen,    ......  Birmingham. 

William  Laird,  .....  Birkenhead. 

John  G.  Mair-Rumley,        ....  London. 

Thomas  Mudd,  ......  West  Hartlepool. 

A.  Tannett  Walker,  .....  Leeds. 

The  Council  for  the  present  year  will  therefore  be  as  follows : — 
president. 


E.  Windsor  Eichards,         .... 

past-presidents. 
Dr.  William  Anderson,  C.B.,  F.E.S., 
The  Et.  Hon.  Lord  Armstrong,  C.B.,  D.C.L., 

LL.D.,  F.E.S., 

Sir  Lowthian  Bell,  Bart.,  F.E.S., 

Sir   Frederick  J.  Bramwell,  Bart.,   D.C.L., 

LL.D.,  F.E.S., 

Sir  Edward  H.  Carbutt,  Bart.,    . 
Charles  Cochrane,      ..... 
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Professor  Kennedy,  in  virtue  of  the  election  wbicb  bad  just  been 
announced,  bad  great  pleasure  in  asking  Mr.  Windsor  Eichards  to 
take  tbe  cbair,  wbicb  be  now  vacated  in  bis  favour. 


Mr.  E.  Windsor  Eichards,  on  taking  tbe  cbair  as  President, 
wisbed  to  tbank  tbe  members  most  sincerely  for  tbe  bigb  honour 
tbey   bad   conferred   upon  bim   by  electing  bim  President  of  tbe 
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(The  President.) 

Institution  of  Mechanical  Engineers.  It  was  a  position  which  any 
one  might  feel  justly  proud  of  having  attained.  He  was  aware  that 
the  duties  which  the  President  was  called  upon  to  discharge  were 
often  difficult  and  sometimes  onerous,  and  he  should  have  been  loath 
to  imdertake  them,  had  he  not  felt  fully  assured  that  he  should  have 
the  support  and  assistance  of  the  Council,  and  also  the  hearty 
co-operation  of  his  fellow  members.  All  were  proud  of  the 
Institution,  and  were  animated  by  the  most  sincere  desire  to  do  all 
they  could  to  promote  its  interests,  so  that  it  might  continue  to 
prosper  and  increase  in  usefulness.  During  his  term  of  office  he 
could  assure  them  that  he  would  do  all  in  his  power  to  advance  the 
welfare  of  the  Institution.  There  was  one  circumstance  which  had 
made  him  hesitate  in  accepting  the  nomination  of  the  Council. 
Although  he  had  been  originally  and  for  many  years  a  mechanical 
engineer,  for  the  last  twenty  years  he  had  been  drifting  into  the 
position  more  of  an  iron  and  steel  manufacturer  than  an  engineer ; 
and  being  much  occupied  in  that  branch  of  the  profession,  he  feared 
he  might  not  be  thoroughly  conversant  with  the  recent  improvements 
in  the  best  engineering  practice.  His  colleagues  on  the  Council 
however  did  not  attach  so  much  importance  as  he  did  to  this 
circumstance,  and  he  trusted  therefore  that  the  members  would  now 
accept  his  best  endeavours  in  the  fulfilment  of  the  duties  devolving 
upon  him  as  their  President. 

Mr.  Samuel  W.  Johnson,  Vice-President,  had  great  pleasure  in 
l)roposing  a  vote  of  thanks  to  their  retiring  President,  for  the 
distinguished  ability  with  which  he  had  filled  the  presidential  chair 
of  the  Institution  for  the  last  two  years.  Professor  Kennedy  had 
certainly  spared  himself  neither  time  nor  trouble  in  the  onerous 
duties  which  he  had  performed  with  such  entire  satisfaction  to  the 
members,  all  of  whom  were  greatly  indebted  to  him  for  hi^  exertions, 
and  for  the  admirable  manner  in  which  he  had  filled  the  office  of 
President. 

Mr.  Edwaud  p.  Martin,  Vice-President,  was  glad  to  have  the 
honour  of  heartily  seconding  the  vote  of  thanks. 
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The  Peesident  wished  to  endorse  everything  that  had  been  said 
as  to  the  value  of  the  services  rendered  to  the  Institution  by 
Professor  Kennedy.  The  members  themselves  had  all  witnessed  his 
conduct  in  the  chair  at  the  several  meetings,  and  especially  at  the 
two  summer  meetings  in  Manchester  and  Glasgow,  where  he  fulfilled 
all  the  trying  conditions  of  both  occasions  in  a  manner  which  was 
most  highly  gratifying  to  every  one  concerned.  But  the  members 
could  not  know  all  that  he  had  done  for  the  Institution  by  his 
attendance  at  the  Council  meetings  and  the  numerous  committee 
meetings,  which  had  constituted  so  great  a  tax  upon  his  time  and 
thought.  His  energy  and  best  consideration  had  been  cheerfully 
devoted,  and  with  the  greatest  judgment  and  tact,  to  all  the 
undertakings  of  the  Institution.  It  therefore  gave  him  much 
pleasure  to  put  this  resolution  to  the  Meeting,  and  he  was  sure  the 
members  would  show  their  hearty  appreciation  of  Professor  Kennedy's 
conduct  in  the  chair  for  the  last  two  years. 

The  resolution  was  carried  unanimously  with  aj)j)lause. 

Professor  Kennedy  thanked  the  members  cordially  for  the  kind 
way  in  which  they  had  expressed  their  feelings  towards  himself. 
It  would  of  course  be  affectation  to  deny  that  the  duties  of  the 
President  of  an  Institution  like  this  were  somewhat  arduous.  Though 
work  of  this  kind  did  not  make  much  show  outside,  yet  every  one 
who  had  had  to  do  it  knew  that  it  meant  a  large  amount  of  attention 
and  of  responsibility.  It  had  however  been  a  true  pleasure  to  him  to 
carry  out  as  well  as  he  could  the  duties  of  the  presidency  of  this 
Institution,  and  to  siicceed  as  President  such  eminent  engineers  as 
had  previously  occupied  the  chair.  He  thanked  also  his  colleagues 
on  the  Council  for  the  harmonious  way  in  which  they  had  enabled 
him  to  work  with  them  during  the  two  years  of  his  presidency. 


The  President  reminded  the  Members  that  at  the  present 
meeting  the  appointment  had  to  be  made  of  an  Auditor  for  the 
current  year. 
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On  the  motion  of  Mr.  J.  F.  L.  Cbosland,  seconded  by  Mr.  W. 
E.  S.  Jones,  it  was  unanimously  resolved  that  Mr.  Eobert  A.  McLean^ 
chartered  accountant,  1  Queen  Victoria  Street,  London,  be  re-appointed 
to  audit  the  accounts  of  the  Institution  for  the  current  year  at  the 
same  remuneration  as  at  present,  namely  Twenty-five  Guineas. 


'  The  following  Paper  was  then  read  and  discussed  : — 
"  Telemeters  and  Eange-Finders  for  naval  and  other  purposes  ;  "  by 
Professors  Baer  and  Stroud. 
Shortly  before  Ten  o'clock  the  Meeting  was  adjourned  to  the 
following    evening.     The    attendance   was    108    Members   and    88 
Visitors. 


The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Friday,  31st  January  1896,  at  Half-past  Seven 
o'clock  p.m. ;  E.  Windsor  Eichards,  Esq.,  President,  in  the  chair. 

The  following  Papers  were  read  and  discussed : — 
"  Calculation  of  Horse-Power  for  Marine  Propulsion;"  by  Lt.-Colonel 

Thomas  English. 
"  Notes  on  Steam  Superheating  ; "  by  Mr.  William  H.  Patchell,  of 
London. 
The   Discussion   which   had  been   commenced  upon  the  latter 
Paper  was  adjourned,  to  be  continued  at  the  following  Meeting. 


On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Engineers  for  their  kindness  in 
allowing  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

Tlie  Meeting  then  terminated  at  Ten  o'clock.  The  attendance 
was  77  Members  and  93  Visitors. 
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TELEMETERS  AND  EANGE-FINDERS 
FOR  NAYAL  AND  OTHER  PURPOSES. 


By  Pkofessoks  BARR  and  STROUD. 


In  this  paper  it  is  not  proposed  to  treat  of  tlae  history  of 
Telemeters  or  Range-Finders,  though  that  subject  would  not  be 
devoid  of  interest.  Such  instruments  cannot  be  said  to  be  at  all  in 
common  use,  either  at  sea  or  on  land  ;  yet  descriptions  of  probably 
some  hundreds  of  diiferent  forms  have  been  published,  and  the 
workers  in  this  field  of  invention  have  included  many  eminent 
engineers  and  physicists,  among  whom  it  may  be  sufficient  to  name 
James  Watt  and  Sir  David  Brewster.  A  mere  classification  of  the 
various  devices  that  have  been  proposed  for  determining  the  distances 
of  distant  objects  without  direct  measurement  would  take  more  time 
than  can  be  devoted  to  the  present  paper.  Nor  is  it  proposed  to 
give  any  account  of  the  different  kinds  of  telemeters  that  have  been 
devised  by  the  authors  themselves  in  the  eight  years  during  which 
nearly  all  the  time  at  their  disposal  for  original  work  has  been  devoted 
to  invention  and  experiment  in  this  field.  The  present  paper  will 
be  confined  to  a  description  of  two  instruments : — namely  (1)  the 
i'ange-finder  which  is  now  in  use  in  the  navies  of  this  and  many 
other  countries ;  and  (2)  a  small  hand  instrument,  identical  in  principle 
with  that  for  naval  use,  but  much  more  portable  and  much  simpler  in 
its  details.  Even  with  this  restriction  however,  it  will  be  necessary 
to  omit  the  discussion  of  many  of  the  difficulties  that  have  been 
encountered,  and  of  the  methods  by  which  these  have  been 
eurmounted. 

Principle  of  Telemeters  in  general. — Setting  aside  a  few  instruments 
devised  for  military  range-finding,  to  indicate  the  distance  of  the 
enemy  by  measurement  of  the  time-interval  between  the  instant  when 
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the  flash  of  one  of  his  guns  is  seen  and  the  instant  when  the  report 
is  heard,  all  telemetrical  or  distance-finding  observations  (other  than 
direct  measurement)  resolve  themselves  into  the  solution  of  a 
triangle,  one  of  whose  sides  is  the  range  or  distance  required. 
Further,  in  what  is  usually  understood  by  telemetry,  as  distinguished 
from  surveying  by  triaagulation,  the  base  of  the  triangle  is 
extremely  small  compared  vriih  the  other  two  sides.  In  nearly  every 
case  also  the  triangle  to  be  solved  is  approximately  right-angled ;  and 
the  operation  of  finding  the  distance  between  two  points  A  and  0, 
Fi'^.  12,  Plate  G,  consists  essentially  either  (a)  in  setting  out  a  base 
AB  and  determining  the  angle  AOB  subtended  by  it  at  the  point  0, 
or  else  (b)  in  setting  out  a  given  angle  AOB  and  measuring  or 
observing  the  length  AB  by  which  it  is  subtended.  Again  the 
observer  may  be  either  at  the  apex  0  or  at  the  base  AB  ;  and  thus 
there  is  another  mode  of  classification  ;  namely  (c)  telemeters  using  a 
base  of  known  or  observed  length  at  the  distant  object,  and  (cZ)  those 
working  from  a  base  of  known  or  measured  length  at  the  observer's 
station.  These  are  cross-classifications,  and  the  range-finders  now 
to  be  described  belong  to  the  classes  (a)  and  (d) ;  that  is,  the  base 
is  fixed  in  length,  and  it  is  at  the  observer's  station,  not  at  the 
distant  object.  There  are  a  large  number  of  range-finders  of  this 
general  kind,  and  these  again  may  be  divided  into  two  groups ; 
namely  (1)  those  with  a  short  rigid  base  of  not  more  than  8  or 
10  feet,  and  usually  requiring  only  one  observer  ;  and  (2)  those 
working  with  a  longer  base,  say  from  50  to  200  feet  or  more,  and 
requiring  an  observer  stationed  at  each  end  of  the  base.  The  range- 
finders  now  to  be  described  belong  to  the  former  group,  as  they 
have  bases  of  4^  and  2  feet  respectively. 

The  general  problem  of  short-base  telemetry  will  first  be  stated, 
and  illustrated  with  reference  to  the  dimensions  of  the  Naval  Kange- 
Finder,  and  to  the  requirements  which  it  is  designed  to  meet.  The 
naval  range-finder  will  then  be  described  in  detail.  Afterwards  a 
short  account  will  be  given  of  the  small  Hand  Distance-Finder. 

In  Fig.  8,  Plate  6,  is  shown  a  diagrammatic  representation  of 
a  single-observer  range-finder.  Two  beams  of  light  from  the  distant 
object  are  received  by  reflectors  Ej  E^,  and  transmitted  through  lenses 
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L,  L.,  towards  the  centre  of  the  instrument,  where  two  small  mirrors 
Ml  M.j  are  placed,  one  over  the  other,  to  reflect  the  beams  outwards 
through  the  eye-piece  E^.  By  these  means  two  partial  images  of 
a  distant  object  are  seen  in  the  field  of  view  of  the  eye-piece  E2,  one 
above  the  other,  as  shown  in  Fig.  10,  Plate  6.  The  image  seen  in  the 
upper  half  of  the  field  of  view  is  thus  formed  by  the  equivalent  of  a 
telescope  directed  towards  the  object  from  the  left-hand  end  of  the 
instrument,  while  the  image  seen  in  the  lower  half  is  formed  by  the 
equivalent  of  a  second  telescope  looking  at  the  object  from  the 
right-hand  end. 

Suppose  a  distant  object  is  viewed  by  rays  shown  at  Bi  B^  in 
Fig.  8,  Plate  6  ;  and  that  the  two  partial  images  are  seen  in  correct 
coincidence  or  alignment,  as  illustrated  in  Fig.  11.  If  now  the 
object  approaches  the  instrument  along  the  line  B^,  the  beam  of 
light  received  by  E^  will  have  a  new  direction,  such  as  is 
shown  by  the  dotted  line  B'2  ;  and  the  partial  images  will  no 
longer  appear  in  proper  coincidence,  but  will  occupy  such  relative 
positions  as  are  shown  in  Fig.  10.  The  interval  between  the  two 
partial  images  might  of  course  serve  as  a  measure  of  the  distance, 
since  the  nearer  the  object  comes,  the  greater  will  be  the  interval 
between  the  images ;  but  the  measurement  of  this  interval  would, 
under  any  circumstances,  be  very  difficult  to  make  with  sufficient 
accuracy ;  and  it  would  be  imjiossible  to  make  it  even  roughly, 
when  the  instrument  or  the  object  is  in  motion.  Optical  or  mechanical 
means  are  therefore  adopted  in  telemeters  of  this  class,  for  altering 
the  course  of  one  or  other  of  the  beams  of  light,  so  that  the  two 
partial  images  may  be  brought  into  correct  coincidence  or  alignment, 
as  shown  in  Fig.  11  ;  and  a  scale  is  provided  for  indicating  the 
distance  of  the  object,  the  scale  (or  its  index)  being  moved  by  the 
gear  used  for  bringing  the  images  into  alignment. 

Alignment. — In  telemeters  of  the  kind  under  consideration,  in 
which  the  range  or  distance  of  the  object  observed  is  indicated 
through  the  operation  of  a  mechanism  whereby  the  partial  images 
are  brought  into  correct  alignment,  as  in  Fig.  11,  Plate  6,  it  is  not 
necessary  that  the  axes  of  the  beams  of  light  should  fall  upon  a 

E  2 
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particular  part  of  tlic  central  reflectors  M,  Fig.  8.  This  will  be 
evident  from  Fig.  9,  wliicli  shows  that  a  motion  of  the  instrument, 
or  of  the  object,  causes  no  change  in  the  alignment  of  the  partial 
images,  provided  the  angle  between  the  rays  B,  and  B^  remains 
constant.  The  alignment  may  therefore  be  observed  in  any  part  of 
the  field,  not  necessarily  in  the  centre. 

Standard  of  Accuracy. — The  Xaval  Eange-Finder  was  designed 
to  meet  the  requirements  of  the  Admiralty  for  an  instrument  which 
should  be  capable  of  measuring  ranges  up  to  3,000  yards  with  a 
maximum  error  of  3  per  cent.  In  order  to  have  some  margin,  the 
standard  of  accuracy  assumed  by  the  authors  is  that  (under  favourable 
circumstances,  such  as  a  calm  sea  and  clear  atmosphere)  the  range- 
finder  should  be  capable  of  measuring  a  range  of  3,000  yards  within 
1  per  cent. ;  and  this  it  is  found  capable  of  doing.  This  degree  of 
accuracy  will  therefore  be  taken  as  the  basis  of  calculation  in  what 
follows. 

The  accuracy  of  any  range-finding  operation  must  largely  depend 

upon   the    nature    of  the   object    to   be   observed,   and    upon    the 

atmospheric  and  other  conditions  under  which  the  observation  has  to  be 

made.     But  assuming  that  the  object  to  be  observed  is  one  clearlj-^ 

defined— such    as    the   mast  of  a    ship — and   that  the   atmospheric 

conditions  are  favourable,  the  limit  of  accuracy  which  can  be  obtained 

\vill  depend,  first,  upon  the  length  of  the  base  (since  this  fixes  the 

magnitude  of  the  angle  B'^,  E_,  B._,,  Fig.  8,  Plate  G,  corresi^ouding  to 

any  two  given  ranges)  ;  and  second,  upon  the  smallness  of  the  angle 

which   the    instrument    is  capable   of  detecting.     In  Fig.  13  let  h 

represent  the  base  length   of  the  instrument,  that  is,  practically  the 

distance  between  the  centres  of  the  reflectors  Rj  and  Eo ;    and  let 

O  be   the   nearest  object   whose    distance   the   instrument  is  to  be 

arranged  to  measure,  say   R  O  =  250  yards  (RiO  and  K^O   being 

practically  identical  in  length).     Now  since  the  base  length  h  is  very 

short  as  compared  with  the  distance  EO,  E,E^  may  be  considered 

to  be  an  arc  of  a  circle  described  about  O,  and  the  circular  measure 

of  the  angle  E,  0  E.  or  0  E.  B,  is 
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0=^1^2  ^^se  .^. 

JR  0         minimum  distance 

After  having  made  an  instrument  of  5  feet  base,  tlie  autliors  have 
adopted  4^  feet  or  Ih  yard  as  the  base  length  for  the  naval  range- 
finders.  Taking  the  distance  of  0  as  250  yards,  the  angle  is  1^  -^ 
250  approximately  =  21  minutes  or  one-third  of  a  degree.  This 
is  therefore  the  angle  available  for  subdivision  to  indicate  the  whole 
series  of  distances  from  250  yards  to  infinity. 

In  Fig.  14,  Plato  6,  let  0  represent  the  smallest  angle  OEoO 
which  the  instrument  is  capable  of  detecting.  Then  the  difference  d 
of  the  distances  EO  and  EO'  is  only  just  perceptible  ;  and  the 
error  in  measurement  of  a  range  D  may  be  ±  d.  From  the  diagram 
is  obtained  approximately  the  ratio  d  :  e  : :  D  :  h.  But  e  =  E.^0  X  0 
=  DO.     Therefore 

d  =  D^^    .      .      .      .   (2) 

Since  6  and  h  are  constant  for  one  instrument,  what  may  be  called 
the  inaccuracy  d  of  the  range  D  is  seen  to  be  proportional  to  the 
square  of  the  range.  An  instrument  therefore  which  can  measure 
3,000  yards  to  within  30  yards  could  measure  1,000  yards  to  within 
30  -h  9  =  3  yards,  and  300  yards  to  within  30  -^  100,  or  say  to  within 
1  foot ;  while  it  could  measure  a  range  of  6,000  yards  to  only  within 

n 

30  X  4  =  120  yards,  and  so  on.     Moreover  since  d  =  D-  ^ 

locD     .      .      .      .     (S) 

which  shows  that  the  percentage  of  error  varies  as  the  distance :  so 
that  a  range-finder  which  can  work  to  1  per  cent,  at  3,000   yards 
can  work  to  one-third  of  one  per  cent,  at  1,000  yards,  ta  one-tenth 
of  one  per  cent,  at  300  yards,  and  so  on. 
En[uation  2  may  be  written  in  the  form 

e=^.^    ....  (4) 

DD  ^  ^ 

and  taking  as  the  standard  an  accuracy    ^  within  1  per  cent,  at 

3,000  yards  for  a  base  length  of  IJ  yards,  6  =  i-^  .  g-JI^  =  ^q^-^. 
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The  angle  wliose  circular  measure  is  unity  contains  about  206,000 
seconds.  Therefore  6=1  second  is  the  angle  which  the  instrument 
must  be  able  to  detect. 

Few  people  have  any  clear  conception  of  what  one  second  of  angle 
means.  In  Fig.  15,  Plate  6,  is  represented  an  angle  of  10,000 
seconds.  The  range-finder  therefore  has  virtually  to  divide  this 
angle  into  10,000  eq[ual  parts,  in  order  to  read  a  range  of  3,000 
yards  to  1  per  cent.  An  angle  of  one  second  is  approximately  the 
angle  subtended  by  1-lOOth  of  an  inch  at  170  feet.  As  another 
illustration,  let  the  distance  EO  in  Fig.  16  represent  3,000  yards,  or 
say  Ih  nautical  miles  ;  and  let  00'  represent  one  per  cent,  of  this, 
or  30  yards.  Then  it  is  required  to  distinguish  between  the  angles 
made  with  the  base  at  H.,  by  the  lines  from  0  and  from  0' ;  and  in 
Fig.  10  the  base  length  R^  E,  is  exaggerated  one  hundred  fold  in 
relation  to  the  rest  of  the  diagram.  As  another  illustration  of  the 
minuteness  of  the  angle  indicated  in  such  observations,  it  may 
be  recollected  that  an  ordinary  5-inch  surveyor's  theodolite  is 
graduated  to  read  by  vernier  to  one  minute.  A  circle  25  feet  in 
diameter  would  be  required  in  order  to  read  one  second  of  angle  with 
like  facility. 

It  may  be  interesting  to  enquire  into  the  degree  of  accui-acy  that 
can  be  obtained  at  very  long  ranges.  The  longest  range  that  can 
be  distinguished  from  infinity,  with  the  foregoing  standard  of 
accuracy,  is  the  distance  at  which  the  base  length  of  1^  yard 
subtends  an  angle  of  one  second.  This  distance,  which  would  just  be 
visibly  short  of  infinity,  if  a  clearly  defined  object  could  be  seen  at 
such  a  distance,  is  therefore  D  =  V^  yard  X  200,000  =  300,000 
yards:  say  150  nautical  miles  or  170  land  miles.  Of  course  the 
curvature  of  tlie  earth  renders  objects  near  the  sea-level  invisible  at 
distances  much  within  this  limit.  The  range-finder  and  the  object 
viewed  would  each  require  to  be  about  5,000  feet  above  the  sea-level  in 
order  to  render  the  object  visible  over  the  sea.  Two  distances  D,  and 
D.,  should  be  cai)able  of  being  distinguished  (always  sui)posing  that  the 

objects  are  clearly  defined)  when  -     —    .     is  not  less  than   -^ -• 

•^  ^  ^  JJ.,       JJ,  200,000' 
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that  is,  if  ^'jf^  &  =  200"000'  ^'  ^'"'^  ^'  ^^'^  '^*"^*  ^® 
distinguished.  For  example  let  D^  =  20  nautical  miles,  or  say  = 
40,000  yard.;  then  if  *°'°'^^  =  .ooJoOO^  the  value  of  D., 

becomes  about  33,000  yards,  or  say  16^  nautical  miles ;  therefore  the 
observer  would  just  be  able  to  say  that  an  object  was  not  less  than 
16i  nautical  miles  distant  and  not  more  than  20.  Similarly  he  would 
just  be  able  to  say  that  another  object  was  not  less  than  9  and  not 
more  than  10  nautical  miles  away. 

At  short  ranges  the  accuracy  becomes  very  great.  At  1,000 
yards  the  error  should  not  exceed  about  3  yards,  at  500  yards  about 
2  feet,  and  at  250  yards  about  7  inches. 

Methods     of    producing    Alignment. — Fig.     17,    Plate    7,    is    a 

diagrammatic  representation   of  the   telemeter  devised  in  1860  by 

Mr.  Patrick  Adie,  in  which  the  objectives  were  fixed  in  front  of  the 

end  reflectors,  and  one  of  the  reflectors  E.,  was  fixed  to  a  long  arm  A, 

which  was  caused  to  move  about  a  pivot  at  C  near  the  centre  of  the 

instrument,  by  means  of  a  micrometer  screw  S  acting  on  the  outer  end 

of  the  arm.     By  thus  turning  the  reflector  Eo  through  a  very  small 

angle,  the  alignment  of  the  images  was  efiected  ;  and  the  reading  of 

the  micrometer  then  indicated  the  range.     To   attain  the  standard 

accuracy   of   1    per  cent,   at    3,000    yards,   this   angular  motion    of 

the    reflector    would    require   to    be    eftected   correctly   to   within 

^    second    of    angle    (since    when    a    mirror    is    moved    through 

any  angle  the  course  of  a  ray  reflected  from  the  mirror  is  altered  by 

twice  that  angle)  ;  and  taking  the  length  of  the  arm  as  27  inches, 

and  the  base  length  1^  yard,  the  micrometer  would  require  to  move 

the  end  correctly  to  27-^400,000,  say  l-15,000th  of  an  inch.  Therefore 

any  want  of  truth  in  the  micrometer  screw,  or  any  springing  of  the 

arm,  sufficient  to  afiect  the  motion  of  the  end  by  this  small  amount, 

would  be  fatal  to  the  attainment  of  the  standard  accuracy.     In  the 

instrument  devised  in  1886  by  Mr.  W.  H.  M.  Christie,  Astronomer 

Eoyal,  shown  diagrammatically  in  Fig.  18,  one  of  the  objectives  Li 

is  caused  to  move  transversely  in  the  tube  by  means  of  a  micrometer 
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screw  S,  its  motion  causing  an  equal  motion  of  the  image  formed 
by  it.  For  example  in  Fig.  8,  Plate  G,  in  order  to  effect  alignment 
of  the  partial  images  of  the  object  from  which  the  rays  Bj  and  B'2 
emanate,  it  would  be  necessary  to  move  the  objective  L^  transversely 
towards  the  observer  through  a  distance  equal  to  the  distance  between 
the  full  line  and  the  dotted  line  at  the  central  reflector  M..  For  one 
second  of  angle  on  a  base  of  4^  feet  this  distance  is  approximately 
20-^200,000,  say  l-8,000th  of  an  inch. 

In  the  instrument  devised  in  1888  by  the  authors,  showQ 
diagrammatically  in  Fig.  19,  Plate  7,  the  partial  images  are  brought 
into  alignment  by  means  of  an  achromatic  refracting  prism  P  of  small 
angle,  which  is  placed  in  the  path  of  the  rays  from  the  right-hand 
reflector  Eo,  and  is  movable  longitudinally  in  the  tube.  The  action 
of  this  prism  is  illustrated  in  Figs.  19  and  20,  from  which  it  will  be 
seen  that,  when  the  prism  is  moved  from  the  position  P  to  the 
position  P',  the  image  of  the  object  viewed  moves  from  C  to  C  ;  and 
thus,  while  the  partial  images  of  a  very  distant  object  seen  by 
rays  Bi  and  B.,  appear  in  coincidence  when  the  prism  is  at  P,  the 
prism  must  be  moved  to  P'  in  order  to  cause  alignment  of  the 
partial  images  in  the  case  of  a  nearer  object  which  sends  beams  B, 
and  B'2  to  the  instrument.  If,  instead  of  a  prism  P,  a  piece  of  glass- 
having  parallel  faces  were  used,  it  is  evident  that  a  longitudinal 
motion  of  such  a  glass  from  P  to  P'  would  cause  no  transverse  motion 
of  the  image ;  and  therefore  by  making  the  angle  of  refraction  off 
the  prism  small  enough,  as  large  a  longitudinal  motion  as  may  be 
desired  will  correspond  to  a  given  motion  C'C  of  the  image,  that  is,  to- 
a  given  change  of  range. 

Refracting  prism. — The  prism  used  in  the  naval  range-finder 
deflects  a  ray  of  light  through  an  angle  of  1  in  40,  or  nearly  1^° ;  and 
this  prism  requires  to  be  moved  through  about  G  inches  for  a  change  of 
range  from  infinity  to  250  yards,  and  the  motion  corresponding  to  one 
second  of  angle  is  about  l-200th  of  an  inch.  This  dimension  is  one 
which  can  easily  be  read  directly  by  aid  of  a  magnifying  lens,  so 
that  no  micrometer  gear  is  required  cither  for  effecting  the  motion  or 
for  indicating  its  amount. 
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Scale. — It  is  evident  then  that  the  position  which  tho  refracting 
prism  occupies  when  alignment  of  the  partial  images  has  been  attained, 
constitutes  an  indication  or  measure  of  the  range ;  and  therefore  a 
scale  S,  Fig.  19,  Plate  7,  connected  to  the  prism  P  and  moving  with 
it,  can  be  so  graduated  as  to  indicate  the  range  directly  in  yards  or 
other  units.  The  refracting  prism  P  is  moved  longitudinally  in  the 
tube  by  means  of  a  screw ;  but  any  imperfection  or  slackness  in  tlue 
screw  will  produce  no  errors  in  the  indications  of  the  instruments 
The  alignment  or  want  of  alignment  of  the  partial  images  depends 
only  upon  the  position  of  the  refracting  prism,  supposing  the  end 
reflectors  and  other  parts  of  the  instrument  to  remain  undisturbed  ; 
and  as  the  scale  moves  with  the  prism,  it  always  indicates  the  same 
range  for  any  given  position  of  the  prism.  Therefore,  even  if  the 
working  screw  were  so  irregular  or  "  drunk,"  that  for  a  continuous 
rotation  it  moved  the  prism  first  outwards  and  then  inwards,  both 
the  images  and  the  scale  would  be  moved  accordingly ;  and  hence  no 
errors  would  be  introduced,  such  as  would  result  if  the  rotation  of 
the  screw  itself  were  made  to  measure  or  to  indicate  the  range,  as  in 
the  case  of  micrometer  devices. 

From  Fig.  8,  Plate  6,  it  is  clear  that  a  change  of  direction  of  the 
,  right-hand  ray  through  any  angle,  as  from  Bg  to  B'2,  produces  a 
transverse  displacement  of  the  image  proportional  to  the  angle 
between  these  two  directions.  Further,  from  Fig.  20,  Plate  7,  it  is 
evident  that  if  the  refracting  prism  be  moved  through  any  distance, 
say  1  inch,  the  image  will  move  transversely  through  1-nth  of  an 
inch,  where  1-^n  is  the  tangent  of  the  angle  of  deflection  produced 
by  the  prism,  or  1  in  n  is  the  deflection  stated  as  a  gradient.  The 
magnitude  of  the  transverse  motion  is  therefore  proportional  to  the 
distance  the  prism  is  moved,  and  is  independent  of  the  distance  of 
the  prism  from  the  image.  Equal  longitudinal  motions  of  the 
refracting  prism  therefore  correspond  to  equal  changes   of  angle ; 

and,  as  in  Fig.  13,  Plate  6,  0  =   =.,  and  b  is  constant,  it  is  seen  that 

the  angle  0 — that  is,  the  angle  between  the  ray  from  an  infinite 
distance  and  the  ray  from  an  object  at  distance  D,  the  left-hand  ray 
maintaining  a   constant   direction — varies  as  the  reciprocal  of  the 
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distance.  The  scale  to  be  attached  to  the  refracting  prism  for 
indicating  the  distance  directly  is  therefore  a  reciprocal  scale,  that 
is,  the  graduation  representing  2,000  yards  is  midway  between  the 
infinity  mark  and  that  representing  1,000  yards ;  and  so  on,  as  shown 
in  Fig.  21,  Plate  7.  The  actual  scale  is  much  more  minutely 
subdivided,  being  graduated  to  single  yards  up  to  500,  in  tens  of 
yards  to  1,500,  in  hundreds  to  5,000,  and  in  thousands  to  10,000. 
Graduations  are  also  made  for  15,000  and  20,000  yards. 

The  moving  refracting  prism  may  be  looked  upon  as  a  perfect 
mechanism  for  the  pui-pose  of  magnifying  the  required  motion  of  the 
image,  inasmuch  as  a  motion  however  minute  of  the  prism  necessarily 
produces  an  exactly  corresponding  though  much  smaller  motion  of 
the  image  formed  by  rays  traversing  it.  In  this  optical  mechanism 
therefore  there  can  be  absolutely  nothing  which  would  correspond 
to  slackness  or  lost  motion  in  a  screw,  or  to  irregularity  or 
"  drunkenness  "  of  a  micrometer,  or  to  springing  of  a  mechanical 
device  for  magnifying  or  reducing  a  given  motion. 

The  scale,  which  is  made  of  ivory  so  as  to  be  translucent,  is 
carried  inside  the  tube  T,  and  is  illuminated  by  light  entering 
through  a  lens  F,  Fig.  19,  Plate  7,  and  Fig.  22,  Plate  8.  It  moves 
past  an  index  I  fixed  to  the  framework  of  the  instnmient.  Fig.  19. 
Opposite  the  index  is  placed  the  scale  lens  Ej,  which  is  at  a  distance 
of  2h  inches  from  the  eye-piece  E  „  so  that,  when  the  right  eye  is 
placed  at  the  eye-piece  E^,  the  left  eye  is  opposite  the  lens  E^ ;  and 
thus,  when  correct  alignment  of  the  partial  images  has  been  attained, 
the  scale  can  be  read  instantly  without  the  observer  shifting  his  eyes. 
After  a  little  practice  it  is  found  easy  to  use  the  two  eyes  either 
alternately  or  simultaneously  for  their  respective  duties ;  and  the 
object  need  not  be  lost  sight  of  in  the  range-finder  while  the  scale 
is  being  read.  The  great  importance  of  thus  keeping  the  object 
continuously  in  view  will  be  evident,  when  it  is  remembered  that  at 
sea  the  instrument  is  not  upon  a  steady  platform,  and  therefore  does 
not  keep  on  the  object  as  a  theodolite  does  when  left  to  itself. 
Furthermore,  the  range  of  a  distant  ship,  or  of  a  lighthouse,  may  be 
rapidly  changing,  and  it  may  be  necessary  to  take  frequent  readings 
of  the  changing  distance. 
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Finder. — In  order  to  overcome  the  difficulty  of  finding  in  tlie 
first  instance  the  object  whose  range  is  required — a  difficulty  greatly 
increased  by  the  motions  incidental  to  a  ship  at  sea,  and  by  the  fact 
that  the  observer  here  looks  across  the  tube  of  the  instrument, 
instead  of  along  its  length — a  finder  of  simple  construction  is 
provided  in  the  instrument.  In  Fig.  23,  Plate  8,  which  shows  the  field 
of  view  for  the  left  eye,  it  will  be  seen  that  the  scale  occupies  only  a 
portion  of  the  field,  and  is  placed  entirely  above  the  centre  line  of 
the  instrument.  Underneath  it  a  clear  space  is  left,  so  that  direct 
light  comes  through  the  objective  F,  Figs.  19  and  22,  to  the  lens  or 
left  eye-piece  Ej.  Only  the  upper  half  of  the  left  eye-piece  is  taken 
up  by  the  convex  scale-lens,  or  rather  half-lens  ;  while  in  the  lower 
half  there  is  provided  a  concave  lens,  or  rather  half-lens.  Fig.  22.  This 
concave  lens  and  the  objective  F  constitute  a  small  Galileo's  telescope, 
as  in  an  ordinary  opera-glass,  through  which  a  view  is  obtained  as  is 
indicated  in  the  lower  part  of  Fig.  23.  The  magnifying  power  of  this 
telescope  is  small,  and  the  objective  is  large  in  diameter,  so  that  the 
field  of  view  is  wide,  and  there  is  no  difficulty  in  immediately  sighting 
the  object  whose  range  is  required.  The  finder  is  so  adjusted  that,  when 
the  object  viewed  is  brought  into  the  centre  of  its  field,  as  shown  in 
Fig.  23,  it  will  be  found,  greatly  magnified,  in  the  much  more  restricted 
field  of  the  right  eye-piece.  Fig.  10,  Plate  6.  The  left  eye  has  therefore 
two  duties  to  perform ;  and  the  process  of  taking  a  range  consists  (1)  in 
finding  the  object  by  means  of  the  left  eye,  and  bringing  it  into  the 
centre  of  the  left-eye  field ;  (2)  in  adjusting  into  correct  alignment 
the  partial  images  as  seen  in  the  right-eye  field  ;  and  (3)  in  reading 
the  scale  by  the  left  eye.  This  arrangement  renders  the  instrument 
so  convenient  to  work  that  it  is  found  possible  at  sea  to  determine 
the  range  of  an  object  in  from  eight  to  ten  seconds  from  the  time  the 
observer  reaches  the  instrument. 

Beflectors. — In  the  first  instruments  they  designed,  the  authors 
adopted  totally  reflecting  glass  prisms  for  the  end  reflectors  Ei  and  E., 
Fig.  19,  Plate  7.  The  fixing  of  such  prisms  securely  enough,  and  at 
the  same  time  without  deformation  of  their  optical  faces,  they 
understand  has  been  one  of  the  principal  difficulties  encountered  by 
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others  in  the  design  of  telemeters  of  the  class  under  consideration. 
Since  the  motion  of  a  reflector  through  any  angle  produces  a  motion 
of  the  reflected  ray  through  double  that  angle,  it  is  necessary  for  the 
attainment  of  the  standard  accuracy,  as  already  pointed  out,  that 
neither  of  the  reflectors,  nor  indeed  the  two  relatively  to  each  other, 
should  move  through  an  angle  of  half  a  second,  that  is  to  say  an 
angle  of  1  in  400,000.  If  then  the  length  of  the  reflector  be  taken 
as  two  inches,  one  end  must  not  move  relatively  to  the  other  through 
l-200,000th  of  an  inch.  The  authors  ultimately  succeeded  in  fixing 
such  prisms  by  forming  grooves  upon  their  upper  and  lower  surfaces, 
clamping  them  lightly  between  the  top  and  bottom  members  of  the 
frame-work  of  the  instrument,  and  securing  them  by  means  of  a  hard 
cement  used  in  dentistry.  Latterly  however  they  have  adopted, 
instead  of  reflecting  prisms,  speculum-metal  reflectors,  since  these 
may  be  fixed  by  screwed  and  soldered  connections.  The  composition 
of  the  speculum  metal  used  is  that  given  by  the  late  Lord  Eosse 
(Lord  Oxmantown),  namely,  cojjper  126 ••I  and  tin  58-9,  or  four 
equivalents  of  copper  to  one  of  tin  (Philosophical  Transactions  1840, 
page  503), 

In  the  foregoing  description  of  the  general  construction  of  the 
range-finder,  and  in  Fig.  8,  Plate  6,  the  central  reflectors  M^  M.,  have 
been  represented  as  consisting  simply  of  one  mirror  placed  over 
another,  the  two  mirrors  being  at  right  angles  to  each  other,  and 
each  having  its  plane  inclined  at  45°  to  the  axis  of  the  instrument. 
Such  a  pair  of  mirrors  is  shown  in  Fig.  24,  Plate  8.  If  the  eye-piece 
of  the  instrument  were  focussed  upon  the  point  of  crossing  of 
these  mirrors,  it  is  evident  that  the  ends  would  bo  quite  out  of 
focus ;  and  therefore,  instead  of  a  clear  line  of  separation  between  the 
two  portions  of  the  field,  as  shown  in  Fig.  10.  Plate  6,  the  central  part 
only  of  the  line  of  separation  would  be  clearly  defined,  while  at  the 
edges  the  two  fields  would  more  or  less  overlap  each  other.  In 
order  to  avoid  having  a  line  of  separation  in  focus  at  one  part  of  the 
field,  and  quite  out  of  focus  at  other  parts,  the  images  of  the  object 
may  bo  made  to  fall  some  considerable  distance  in  front  of  the 
reflectors  :  in  which  case  there  would  be  no  line  of  separation,  but  the 
partial  images  would  overlap  in  some  such  manner  as  is  represented 
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in  Fig.  25,  Plate  8.  Such  overlapi)ing  images  however  show  only  what 
may  be  called  ghosts  of  the  object  viewed,  inasmuch  as  the  background 
is  visible  through  each.  Thus  a  mast  or  flagpole  seen  against  the 
sky  does  not  appear  opaque,  but  has  the  skylight  of  the  other  image 
superimposed  upon  it,  as  indicated  in  the  figure.  Any  want  of  exact 
alignment  is  then  indicated  only  by  a  greater  or  less  amount  of  faint 
doubling  at  the  edges  of  the  object ;  and  by  careful  experiments  the 
authors  have  found  that  under  these  circumstances  alignment  cannot 
be  made  with  at  all  the  same  degree  of  exactitude  as  is  possible  when 
the  partial  images  are  clearly  separated  from  each  other  and  each 
appears  opaque,  as  is  represented  in  Fig.  10.  Another  objection  to  a 
simple  pair  of  mirrors,  such  as  is  shown  in  Fig.  24,  is  that  the 
nearer  mirror  obstructs  some  of  the  rays  reflected  by  the  more  distant 
mirror ;  and  therefore  the  images  are  not  formed  with  the  full 
amount  of  light  transmitted  from  the  objectives. 

Eye-piece  Prism  Comhination. — The  design  of  an  optical 
combination  which  would  avoid  this  latter  defect,  and  would  also 
give  a  clearly  defined  line  of  separation  between  the  images,  has 
occupied  a  great  deal  of  the  authors'  time  and  attention  during  the 
whole  of  the  eight  years  they  have  worked  at  this  subject ;  and  many 
different  arrangements  have  been  devised,  which  accomplish,  with 
greater  or  less  success,  the  purj)ose  in  view.  The  plan  which  is  now 
adopted  will  alone  be  described.  It  is  called  an  eye-piece  prism 
combination,  and  is  shown  in  Plate  9,  in  plan  in  Fig.  28,  and  also 
in  elevation  in  Fig.  29  as  seen  from  the  right-hand  end  of  the 
instrument.  A  ray  of  light  U,  coming  from  the  left-hand  end  of  the 
instrument,  is  totally  reflected  from  the  face  /j  of  the  prism  Mj, 
Fig.  28,  so  as  to  strike  the  face  /_,,  Fig.  29,  which  reflects  it 
downwards  to  /s,  whence  it  is  again  totally  reflected  so  as  to  pass 
towards  the  eye-piece  with  a  downward  inclination,  till  it  strikes 
the  face  /<  of  a  prism  M3.  In  passing  into  the  prism  M3  it  is 
refracted  into  a  horizontal  direction.  In  like  manner  a  ray  from  the 
right-hand  end  of  the  instrument  takes  such  a  course  as  that 
represented  by  the  dotted  line.  A  ray  from  the  right-hand  end, 
which  follows  such  a  course  as  that  represented  by  the  dot-and-dash 
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line,  passes  through  the  prism  'M.  at  such  an  angle  that  it  fails  to 
enter  the  eye  of  the  observer.  If  the  objectives  are  so  placed  that 
the  images  are  formed  in  the  vertical  plane  containing  the  edge  E, 
the  eye-piece  can  be  so  adjusted  as  to  bring  the  images  and  the 
edge  simultaneously  into  focus ;  and  from  what  has  just  been  seen 
with  respect  to  the  course  of  the  ray  represented  by  the  dot-and-dash 
lino,  it  is  evident  that  the  portion  of  the  image  formed  by  the  right- 
hand  objective,  which  falls  below  the  edge  line  E,  is  quite  out  of  view, 
as  is  also  the  portion  of  the  image  formed  by  the  left-hand  objective, 
which  falls  above  the  edge  E.  The  edge  therefore  forms  a  clear  line 
of  separation  between  the  images ;  and  being  situated  at  right  angles 
to  the  axis  of  the  eye-piece,  the  whole  length  of  the  line  is  in  focus. 
It  is  possible  for  an  optician  to  grind  such  a  prism  as  that  shown 
at  Mj  with  an  exceedingly  sharp  though  obtuse  angle  at  E, 
and  consequently  a  narrow  but  clear  line  of  separation  can  be 
obtained.  The  face  of  the  prism  M3  nearest  the  eye  may 
conveniently  be  ground  to  a  spherical  form,  as  shown  in  Plate  9, 
so  that  it  constitutes  the  field  lens  of  a  Eamsden  eye-piece,  such  as 
is  commonly  used  in  theodolites  and  other  surveying  and  astronomical 
instruments. 

An  interesting  and  important  feature  of  this  optical  combination 
is  that  it  re-inverts  the  image  of  the  object,  so  that  the  object  now 
appears  erect:  instead  of  being  inverted,  as  it  is  in  a  telescope 
consisting  of  an  object-glass  and  a  simple  eye-piece.  Thus  in  Fig.  29, 
Plate  9,  a  ray  of  light  coming  from  the  upper  part  of  the  object  will 
strike  the  eye-piece  prism  Mj  lower  down  than  one  coming  from  a  lower 
point.  If  the  thicker  line  in  Fig.  29  represents  a  ray  from  the  upper 
part  of  an  object,  and  the  thinner  line  a  ray  from  a  lower  point,  it  is 
evident  from  the  figure  that  when  these  reach  the  image  the  thicker 
ray  is  again  uppermost,  so  that  the  object  appears  erect  instead  of 
being  inverted.  In  like  manner  the  combination  causes  the  object  to 
appear  unreversed,  that  is,  right  for  right :  instead  of  reversed  right 
for  left,  as  it  does  in  a  simple  telescope.  This  eye-piece  prism 
combination  the  authors  believe  leaves  nothing  to  be  desired. 

Astitjmatiser. — In  Fig.  10,  Plate  G,  the  object  viewed  is  represented 
as  being  a  pole  or  a  mast.     When,  instead  of  an  object  having  long 
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vertical  edges,  a  single  point  is  to  be  observed,  sucb  as  a  star  or  a 
distant  ligbt,  it  is  evident  that  it  cannot  be  divided  into  two  by  tbe 
saparating  line,  and  therefore  its  range  cannot  be  determined  by  tbe 
alignment  of  two  partial  images,  in  tbe  way  above  described  and 
illustrated.  The  adaptation  of  tbe  instrument  for  tbe  determination 
of  tbe  distances  of  lights — which  is  one  of  the  most  important  uses 
for  a  telemeter,  especially  at  sea — was  therefore  one  of  the  greatest 
difficulties  the  authors  had  to  face.  It  was  ultimately  overcome 
simply  and  effectually  by  placing  in  each  of  the  two  beams  of  light — 
in  that  from  the  right-hand  end  of  the  instrument,  and  in  that  from 
the  left-band  end — a  small  cylindrical  lens,  having  the  axis  of  the 
cylinder  horizontal  and  transverse  to  the  direction  of  the  beam. 
The  effect  of  such  a  lens  is  practically  to  put  the  light  greatly  out 
of  focus  vertically,  while  not  disturbing  its  focus  horizontally.  A 
speck  of  light  is  thus  drawn  out  into  a  long  vertical  streak  in 
each  partial  field,  as  represented  in  Fig.  26,  Plate  8 ;  and  the 
alignment  can  therefore  be  effected  exactly  as  in  the  case  of  a  mast. 
When  the  particular  eye-piece  prism  combination  already  described 
is  used,  the  two  lenses  can  be  made  in  one  piece,  as  shown  at  A  in 
Fig.  30,  Plate  9.  This  cylindrical  lens  arrangement,  which  is  called 
the  astigmatiser,  can  be  instantly  put  into  the  course  of  the  beams,  or 
taken  out,  as  may  be  desired.  It  is  found  of  great  advantao'e  in 
some  cases  to  use  the  astigmatiser  on  other  objects  than  single 
lights.  For  example,  such  an  object  as  a  tree  when  astigmatised 
appears  as  a  mass  of  vertical  streaks,  which  can  be  worked  upon 
much  more  easily  than  would  be  the  case  with  the  simple  imao-e. 
Or  again,  when  a  torpedo  boat  is  illuminated  under  the  action  of  a 
search  light,  it  appears  studded  over  with  glitteiing  spots  and 
patches  ;  the  astigmatiser  causes  these  to  be  drawn  out  into  a  comb 
of  bright  lines,  somewhat  as  shown  in  Fig.  27,  Plate  8,  and  the  boat 
is  thus  rendered  a  remarkably  easy  object  to  observe  upon  for 
determining  its  distance. 

Frame. — Thus  far  the  telemeter  has  been  described  only  as  an 
arrangement  of  optical  parts.  These  now  require  some  mechanical 
support  in  the  shape  of  a  tube  or  other  frame-piece,  upon  which 
they  may  be  mounted ;  and  in  view  of  the   necessity  for  absolute 
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steadiness  in  the  support  of  the  end  reflectors,  it  is  evident  that  any 
deformation  of  the  frame-piece,  such  as  will  cause  one  reflector  to 
move  angularly  in  relation  to  the  other,  ■n'ill  cause  an  error  in  the 
indications  of  the  instrument.  It  is  therefore  necessary  to  secure 
that  no  appreciable  permanent  strain  of  the  frame  shall  be  likely  to 
result  from  the  treatment  to  which  the  instrument  will  be  subject  in 
transport  and  in  ordinary  handling  say  on  board  ship  ;  and  further 
that  the  external  forces  necessarily  applied  to  the  instrument  daring 
use,  and  the  changes  of  temperature  to  which  it  will  be  exposed,  shall 
cause  no  temporary  deformation  of  measurable  amount.  With  a 
view  to  minimise  the  errors  from  the  latter  cause,  the  use  of  a  tube 
as  the  support  for  the  optical  parts  of  the  instrument  has  been 
discarded,  and  a  frame-work  composed  of  copper  bars  has  been 
adopted.  Plates  3  to  5.  As  a  primary  protection  against  deformation 
from  external  forces,  the  instrument  proper  is  inclosed  within  an 
outer  tubular  case.  Plates  1  and  2,  from  which  it  is  supported  in  such 
a  manner  that,  though  the  case  itself  may  be  strained  by  external 
forces  applied  to  it  during  the  use  of  the  instrument,  no  strain  is 
thereby  communicated  to  the  frame-work  supporting  the  optical 
parts. 

The  upper  and  loAver  members  of  the  frame-work  consist  of  wire- 
drawn copper  bars,  of  the  section  shown  at  W  in  Fig.  37,  Plate  12, 
while  the  bracing  is  formed  of  another  bar  of  the  section  shown  at  Z. 
A  length  of  the  latter  bar  is  bent  into  a  zigzag  form,  after  it  has  been 
grooved  transversely  at  the  proper  intervals,  and  has  had  the  requisite 
holes  cut  in  it  for  forming  the  tunnel  through  which  the  beam  of 
light  may  pass.  The  top  and  bottom  facets  are  next  milled  out  to 
tit  the  section  of  the  ujiper  and  lower  members,  which  are  then 
fciecurcly  soldered  to  the  zigzag,  so  as  to  form  what  may  be  called  a 
girder  with  perforated  plate  bracing.  It  is  important  that  the 
frame-work  should  be  as  stiff  as  possible  in  a  horizontal  plane, 
much  more  important  than  that  it  should  be  stiff  vertically. 
Considered  therefore  simply  as  a  girder,  the  frame  is,  so  to  speak, 
turned  with  its  side  towards  the  forces  it  has  principally  to  resist, 
inasmuch  as  its  stiffness  is  evidently  greater  in  a  vertical  plane  than 
in  a  horizontal ;  but  there  arc  good  reasons  for  placing  it  thus. 
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As  compared  with  a  tube,  the  frame-work  has  great  advantages  in 
the  ease  it  affords  for  erecting  the  optical  parts,  and  for  getting  all 
the  mechanical  parts  into  working  order,  because  each  part  is  here 
separately  accessible  without  disturbing  the  others.  Again,  the 
bracing  presents  a  series  of  diaphragms,  which  most  effectually 
exclude  stray  light  reflected  from  the  sides  of  the  outer  casing.  But 
the  chief  reason  for  adopting  this  form  of  frame,  and  for  constructing 
it  of  copper,  is  that  liability  to  error  from  differential  heating  of  the 
front  and  back  of  the  instrument  is  thereby  greatly  reduced.  In 
Fig.  38,  Plate  12,  is  shown  a  section  of  a  tube,  and  in  Fig.  39  a  section 
of  the  frame-work,  each  enclosed  within  an  outer  tubular  casing.  If 
heat  is  radiated  upon  the  casing,  as  shown  by  the  arrows,  and  heats  the 
portion  of  the  outer  casing  upon  which  it  strikes,  it  is  evident  that 
heat  will  in  turn  be  radiated  inwards  upon  the  tube  or  frame-work  of 
the  instrument ;  but  while  the  tube  in  Fig.  38  presents  the  whole  of 
its  half  circumference  to  the  radiant  heat,  and  that  half  completely 
screens  the  opposite  half  from  the  radiation,  the  open  frame- work  in 
Fig.  39  presents  a  much  smaller  surface  to  receive  the  heat,  and 
moreover  some  of  the  heat  is  radiated  directly  through  the  open  spaces 
to  the  remote  edges  of  the  frame,  and  helps  greatly  to  maintain  a 
balance  of  temperature.  Besides  this,  the  members  of  the  frame  being 
in  the  form  of  transverse  planes,  give  the  shortest  route  possible  for 
the  heat  to  get  across  from  the  one  side  to  the  other.  Were  the  girder 
laid  so  as  to  have  its  plane  of  maximum  stiffness  horizontal,  the 
conditions  would  evidently  be  much  less  favourable  to  uniformity  of 
temperature  on  the  front  and  back  faces.  Any  bending  of  the 
frame-work  in  a  vertical  plane,  when  the  instrument  is  directed 
towards  the  horizon,  produces  no  observational  effect,  whether  such 
bending  is  due  to  external  forces  or  to  a  difference  in  temperature 
between  the  upper  and  lower  members  of  the  frame. 

Case. — In  order  yet  further  to  retard  and  also  to  equalise  the 
transmission  of  heat  to  and  from  the  frame,  the  case  or  outer  tube  is 
made  of  two  concentric  tubes,  separated  by  distance  pieces,  Fig.  31, 
Plate  10.  The  inner  shell  is  of  copper,  while  the  outer  is  of  brass 
and  is  enamelled  externally.     It  was  intended  if  necessary  to  fill 
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partially  the  intervening  space  with  water  or  other  liquid  ;  but  it  is 
found  that  air  answers  all  the  requirements.  Any  fluid  in  contact 
with  the  warmed  side  of  the  outer  shell  of  the  case  will  tend  to  rise, 
and  so  to  cause  a  differential  temperature  between  the  top  and  bottom 
members  of  the  frame,  instead  of  between  the  front  and  back,  and 
thus  will  produce  no  effect  upon  the  indications  of  the  instrument. 
The  necessity  for  great  care  in  the  design  in  this  respect  may  be 
illustrated  by  mentioning  that  a  difference  of  temperature  of  l-200th 
of  a  degree  centigrade,  or  1-1 10th  ( f  a  degree  Fahr.,  between  the 
front  and  back  edges  of  the  frame-work,  would  produce  an  error  of 
1  per  cent,  at  3,000  yards. 

Supports    of  Frame-icorh. — It   is   necessary   not   only   that   the 

frame-work  should  not  bend  through  differential  heating,  but  also 

that  no  forces  applied  by  the  hands  and  face  of  the  observer  should 

strain  it.     The  delicacy  with  which    this  has   to  be  accomplished 

may   be   gathered   from    the   fact   that,   while    the   frame-work   is 

amply  strong  enough  to  resist  permanent  deformation  from  the  weight 

of  a  man  standing  upon  it,  yet  a  horizontal  pressure  of  only  2  ounces 

applied  at  the  centre  is  sufficient  to  cause  an  error  in  the  reading.    It 

is  therefore  essential  that  no  appreciable  bending   forces    shall  be 

applied  to  the  frame  during  the  use  of  the  instrument.     This  is 

secured  by  attaching  all  the  accessible  parts,  including  the  eye-pieces 

and  the  driving  gear  for  the  working  screw,  to  the  outer  tube  or  case ; 

and  by  so  supporting  the  frame-work  from  the  outer  tube  that  any 

bending  or  twisting  of  the  case  itself  shall  transmit  no  forces  to  the 

frame-work.     To  this  end  the   frame-work  is  6uj)ported   from   the 

outer  tube  or  case  at  two  places,  situated  at  about  17  inches  to  the 

right  and  17  inches  to  the  left  of  the  centre  of  the  frame.     At  the 

left-hand  side  the  frame-work  is  supported  by  a  simple  gimbal-riug 

arrangement,  as   shown   in  Fig.  31,  Plate  10,  which  prevents   the 

frame-work  from  moving  longitudinally  and  also  from  rotating  ^-ithin 

the  outer  case.     At  the  right-hand  side  another  form  of  6upi)ort  is 

necessary,  inasmuch  as  at  this  end  it  would  not  do  to  constrain  the 

frame  against  endwise  motion,  nor  yet  against  rotation,  seeing  that  such 

constraint  is  already  involved  in  the  left-hand  support.     The  right- 
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hand  support  is  therefore  made  in  the  manner  shown  in  Fig.  32, 
where  SSS  are  three  short  struts  or  rockers,  with  their  outer  ends 
resting  in  cups  fixed  to  the  outer  case,  and  their  inner  ends  resting 
in  cups  fixed  to  the  frame-work.  This  arrangement  is  kinematically 
equivalent  to  a  rod  passing  through  a  fixed  ring  formed  of  round 
wire  ;  that  is,  it  permits  of  free  motion  endwise,  free  rotation,  and 
free  angling,  while  it  affords  constraint  against  transverse  motion. 
This  system  of  supports  is  found  completely  to  answer  its  purpose, 
and  no  forces  applied  to  the  outer  tube  affect  the  indications  of  the 
instrument.  The  exact  position  of  the  points  of  support  on  the 
frame  are  determined  by  calculation  and  experiments.  If  supported 
quite  at  its  ends,  it  is  evident  that,  in  virtue  of  its  own  weight  and  of 
the  weights  of  the  parts  it  carries,  the  frame  would  become  concave 
upwards  when  directed  otherwise  than  horizontally — say  towards  a 
star  above  the  horizon  ;  whereas  if  supported  at  the  centre  only  it  would 
become  convex  upwards.  In  the  former  case  the  star  would  read 
short  of  infinity  ;  and  in  the  latter  case  heyond  infinity,  if  such  an 
expression  may  be  allowed  in  view  of  the  nature  of  the  scale.  The 
exact  nature  of  the  problem  of  the  correct  balance  is  rather  difficult 
to  state,  but  it  will  be  evident  that  there  is  a  certain  condition  to  be 
attained,  in  respect  to  the  nature  of  the  deflections  produced  by 
gravity  under  the  foregoing  circumstances. 

In  order  to  prevent  rain,  spray,  or  dust  from  gaining  access  to 
the  internal  parts  of  the  instrument,  and  to  prevent  currents  of  air 
from  affecting  the  balance  of  temperature,  circular  windows  of 
optically  worked  parallel  glass  are  attached  to  the  case  in  front  of 
the  end  reflectors  ;  and  the  adjusting  heads,  which  must  be  accessible 
from  outside,  are  enclosed  in  pockets  in  the  ring,  Fig.  32,  Plate  10. 

Gear. — As  already  explained,  the  accuracy  of  the  telemeter  does 
not  depend  at  all  upon  the  perfection  of  the  gear  by  which  the 
refracting  prism  is  moved  to  and  fro.  Nevertheless  it  is  advisable 
to  have  the  gear  as  free  as  possible  from  slackness  or  lost  motion, 
because  in  the  working  of  the  instrument  it  tends  towards  rapidity 
and  ease  of  observation  if  every  motion  of  the  working  head, 
however  slight,  produces  a  corresponding  motion  of  the  prism.     The 

F  2 
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working  screw  and  the  nut  which  runs  upon  it  are  therefore  made 
with  great  care.  In  Figs.  33  and  34,  Plate  11,  is  shown  the 
arrangement  of  the  driving  gear.  The  screw  G  is  5-16ths  inch 
diameter,  cut  with  20  threads  per  inch,  double  thread.  A  nut 
about  1  inch  in  length  is  tapped  to  fit  the  screw,  and  afterwards, 
is  slotted  open,  as  shown.  The  nut  is  machined  out  on  its 
under  surface  to  the  stepped  form  shown,  and  is  then  cut  into 
-two  in  the  middle  of  its  length  ;  and  the  two  parts  are  soldered 
2  inches  apart  to  a  plate  P  having  a  truly  straight  edge.  By 
this  means  the  two  portions  Nj  N^,  each  half  an  inch  in  length, 
are  held  truly  co-axial,  and  the  equivalent  of  a  nut  3  inches  in 
leuf^th  is  obtained.  The  sjilit  nuts  are  bound  by  screws,  so  that  they 
can  be  tightened  up  to  the  requisite  degree  ;  and  they  are  carefully 
ground  upon  the  screw  with  a  fine  grinding  powder. 

The  spindle  of  a  helically  cut  pinion  Wo,  Fig.  83,  Plate  11, 
which  is  supported  in  the  ring  carrying  the  three  struts,  Fig.  32,  is 
connected  to  the  screw  through  the  medium  of  a  loose  piece  L, 
provided  at  each  end  with  couplings  Ci  and  C2.  These  couplings 
are  of  the  simple  construction  shown  in  the  detail  views.  Figs.  35 
and  3G  ;  and  are  designed  to  prevent  any  force,  other  than  that  of  a 
simple  torque,  from  being  communicated  from  the  ring,  which  is 
attached  to  the  outer  case,  to  the  screw  G,  which  is  supported  in 
bearings  from  the  frame-work.  They  permit  of  free  angling  of  the 
one  shaft  relatively  to  the  other,  and  also  of  free  motion  endwise, 
while  communicating  rotary  motion  from  the  pinion  to  the  screw. 
The  pinion  Wg  is  driven  by  a  wheel  Wj ;  the  latter  passes  through  a 
hole  in  the  outer  case,  and  is  housed  in  a  box  X,  which  prevents  rain 
or  dust  from  gaining  access  to  the  interior  of  the  case.  The  wheel  W, 
is  carried  on  the  spindle  of  the  working  head  H,  which  is  milled 
to  the  form  of  a  series  of  toothed  wheels.  The  fingers  of  the  operator 
are  placed  over  the  working  head,  the  toothed  and  grooved  surface  of 
which  gives  a  good  bite,  and  renders  the  head  easily  workable, 
without  being  gripped  in  the  fingers. 

In  some  of  the  earlier  instruments,  a  simple  device  was  adopted 
to  avoid  all  shako  or  lost  motion  in  the  gearing  Wj  Wo,  Fig.  33, 
Plate  11,  which  the  authors  do  not  remember  having  seen  described. 
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The  gear  Wj  was  made  of  two  narrow  wheels,  placed  side  by  side,  one 
loose  and  one  fast  on  the  spindle  of  the  working  head  H.  The  two 
wheels  were  permitted  a  relative  motion  equal  to  only  a  fraction  of  a 
tooth ;  and  a  small  spring  was  provided  which  tended  to  force  them 
out  of  correspondence.  When  such  a  wheel  is  brought  into  gear  with 
the  pinion  Wo,  it  will  be  seen  that,  if  the  spring  be  strong  enough  to 
communicate  the  rotary  force  necessary  for  driving  the  screw  G,  a 
"  space "  in  the  pinion  will  always  be  completely  filled  by  the 
equivalent  of  an  expanding  tooth  on  the  wheel ;  and  lost  motion 
or  back-lash  will  be  impossible.  The  friction  caused  by  the 
arrangement  is  not  excessive.  This  device  however  is  not  deemed 
necessary,  and  for  the  present  at  least  has  been  abandoned  in  favour 
of  solid  helical  gear. 

Adjustments. — Two  adjustments  have  to  be  provided  for.  One^ 
called  the  "  coincidence  "  adjustment,  is  to  effect  the  condition  that 
the  scale  shall  read  the  true  distance  of  the  object  when  alignment 
has  been  attained ;  or  rather,  considering  the  method  employed  for 
accomplishing  the  adjustment,  it  seciu-es  that,  when  the  true  distance 
of  an  object  is  indicated  by  the  scale,  the  images  shall  be  in  correct 
alignment.  The  refracting-prism  holder  D,  Figs.  33  and  34, 
Plate  11,  is  not  attached  directly  to  the  nut  on  the  working  screw  G. 
The  plate  P,  carrying  the  two  portions  N^  N2  of  the  nut  already 
described,  carries  also  a  fork  F  which  fits  into  a  neck  on  the  screwed 
sleeve  K.  This  sleeve,  upon  which  the  prism-carrier  D  is  mounted, 
slides  upon  the  rod  E,  which  is  grooved  throughout  its  whole  length, 
and  is  driven  from  the  spindle  V  of  a  milled  head,  Fig.  33,  carried 
in  bearings  in  the  ring  that  encircles  the  frame-work.  Fig.  32,  Plate  10. 
The  connection  between  the  end  of  the  rod  and  the  spindle  of  the 
milled  head  is  made  through  the  medium  of  a  loose  piece  and 
couplings  similar  to  those  for  driving  the  working  screw  G.  The 
rod  E  is  supported  in  bearings  in  the  brackets  Qj  Qo.  The  prism- 
holder  D  is  prevented  from  rotating  about  the  rod  E  by  being  forked 
on  to  the  plate  P.  It  will  thus  be  evident  that,  when  the  rod  E  is 
rotated,  the  prism-holder  D  will  move  relatively  to  the  nut  Nj  N2. 
The  scale  however  is  connected  rigidly  to  the  nut ;  and  consequently, 
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•when  the  rod  R  is  rotated,  the  prism  is  moved,  while  the  scale  remains 
stationary.  In  order  therefore  to  eflfect  the  adjustment  of  the 
instrument  for  "  coincidence,"  the  scale  is  set  to  read  infinity,  and  a 
star  or  the  moon  is  sighted  ;  and  if  the  images  do  not  appear  in  exact 
alignment,  the  rod  K  is  rotated  until  true  alignment  is  attained- 

The  second  adjustment  which  requires  to  be  provided  has,  for 
want  of  a  better  tei-m,  been  named  the  *'  halving  "  adjustment.  Its 
purpose  is  to  fulfil  the  condition  that,  when  the  two  partial  images  of 
an  object  are  brought  into  alignment,  they  shall  form  a  complete 
image,  and  show  neither  duj)lication  nor  deficiency  of  the  part  of 
the  object  that  falls  at  the  separating  line.  For  this  purpose  one 
of  the  partial  images  must  be  movable  relatively  to  the  other  iu 
the  direction  at  right  angles  to  the  separating  line.  Such  motion  is 
produced  by  the  gear  shown  in  Fig.  40,  Plate  12.  A  plate  of  glass  G, 
having  truly  worked  flat  jiarallel  faces,  is  placed  in  the  com-se  of  the 
beam  from  the  left-hand  objective,  and  is  free  to  rotate  partially  about 
a  horizontal  axis  at  J.  When  the  glass  is  directed  normally  to  the 
beam,  the  latter  suffers  no  displacement  in  transmission  ;  but  when 
the  glass  is  angled,  it  causes  an  ujiward  or  downward  displacement  of 
the  beam,  according  as  it  is  directed  as  shown  in  Fig.  40,  or  with 
the  opposite  inclination  as  indicated  by  the  dotted  line.  This  gear 
is  worked  by  means  of  a  screw  H,  attached  to  a  shaft  lying  along  the 
upper  side  of  the  framework ;  the  shaft  is  connected,  by  means  of 
couplings  of  the  kind  previously  described,  with  the  spindle  Y  of  a 
milled  head  carried  in  bearings  in  the  ring.  Fig.  32,  Plate  10. 

In  order  to  prevent  accidental  interference  with  the  adjusting 
heads,  these  are  covered  by  a  revolving  ring  on  the  outer  case  ;  and 
the  ring  is  fixed  in  the  closed  position  by  a  locking  screw,  except 
when  adjustments  are  to  be  made.  Though  provisions  for  adjustment, 
such  as  those  described,  must  obviously  be  made  for  meeting  cases 
of  accidental  derangement,  it  is  foimd  in  jiractice  that  they  are 
seldom  required.  For  example,  the  autliors  understand  that  the 
first  instrument  supplied  to  the  Admiralty,  which  was  adjusted  in 
Glasgow  and  despatched  by  train  to  Portsmouth,  had  not  required 
adjustment  during  seven  months'  use  at  sea ;  they  are  not  aware 
whether  or  not  it  has  since  required  adjustment. 
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Electric  Lamp. — In  order  to  illuminate  tlie  scale  at  night,  an 
electric  lamp  of  one  candle-j)Ower,  having  a  bulb  about  \  inch 
diameter,  is  housed  in  a  metal  bos  attached  to  the  outride  case, 
Fig.  22,  Plate  8.  The  light  from  this  lamp  passes  through  a  small 
window  in  the  outer  case,  and  is  reflected  from  a  mirror  on  to 
the  scale  and  index  point.  The  lamp  is  connected  with  a  small 
portable  secondary  battery  of  three  cells,  carried  upon  the  stiind  of 
the  instrument ;  the  leads  are  carried  for  a  portion  of  their  length 
between  the  two  shells  of  the  outer  case.  lu  the  course  of  the  leads 
there  is  placed  a  j^ush  switch,  close  to  the  working  head  :  so  that, 
when  using  the  instrument  at  night,  the  observer  can  at  once 
illuminate  the  scale  when  he  has  effected  the  alignment  of  the  images. 

Stand. — For  use  on  board  ship,  the  instrument  is  mounted  upon  a 
stand.  Plates  1  and  2,  having  provision  for  allowing  the  instrument  to 
be  tiu'ned  freely  in  azimuth  about  a  vertical  axis,  and  also  to  be  directed 
at  a  constant  altitude  in  spite  of  the  rolling  or  pitching  of  the  ship. 
It  is  not  intended  on  the  present  occasion  to  describe  the  stand  in 
detail,  as  the  authors  believe  the  particulars  already  given  of  the 
telescopic  part  of  the  instrument  embody  the  most  novel  features  of  the 
apparatus,  and  those  that  will  be  of  greatest  interest  to  the  members 
of  the  Institution. 

The  provisions  already  described  for  the  exclusion  of  rain 
&c.  render  the  instrument  capable  of  exposure  to  all  Aveathers. 
Nevertheless  it  is  of  course  advisable,  when  the  instrument  is  to  be 
out  of  use  for  some  time,  to  remove  it  from  its  stand,  and  place  it  in 
a  box  provided  for  the  pui-pose.  Plates  1  and  2,  in  which  it  is  held 
by  means  of  india-rubber  pads  and  leather  straps,  whereby  it  is  secured 
against  accidental  damage.  The  box  is  fixed  upon  the  deck  near  the 
range-finder  stand. 

Use  of  Instrument. — In  the  conditions  accompanying  the  invitation 
which  the  authors,  in  common  with  a  few  others,  received  from  the 
Admiralty  to  submit  a  range-fijider  for  use  in  the  navy,  the 
determination  of  the  range  of  an  enemy's  ship  for  purposes  of 
gunnery  was  no  doubt  the  main  object  in  view.     The  instrument  has 
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however  proved  of  great  value  for  purposes  of  navigation.  It  is  well 
known  tliat  tlie  distance  of  any  object  at  sea,  and  more  especially  the 
distance  of  a  light,  cannot  be  estimated  by  eye  with  any  approach  to 
accuracy.  So  much  is  this  the  case  that,  in  certain  weathers, 
experienced  navigators  frequently  mistake  the  light  of  a  distant  light- 
house for  a  near  ship's  light,  and  vice  versa.  The  only  methods 
ordinarily  available  to  the  navigator  for  determining  the  distances  of 
objects  on  shore  are  (1)  by  observing  the  change  of  bearing  of  the  object 
in  steaming  a  known  distance,  or  (2)  by  "  cross  bearings  "  when  the 
bearings  of  two  known  objects  on  shore  are  simultaneously  observed, 
the  position  of  the  ship  being  deduced  by  plotting  the  bearings  on  a 
chart.  In  many  cases,  especially  at  night,  only  one  object  (say  the 
light  of  a  light-house)  is  available,  in  which  case  the  fii'st  method  is 
the  only  one  possible ;  but  this  again  is  inapplicable  when  the  light  is 
within  some  points  of  the  bow  ;  and  this  is  the  most  important  case, 
inasmuch  as  it  means  that  the  ship  is  steaming  towards  the  danger. 
Even  in  the  most  favourable  case,  namely  that  of  steaming  past  a 
light,  the  method  requires  the  laj^se  of  a  considerable  amount  of 
time,  and  may  involve  incuiTiug  great  risks.  The  range-finder  will 
determine  the  distance  of  the  light  of  a  light-house  or  other  object  in  a 
few  seconds  ;  and  when  necessary  the  object  can  be  kept  constantly  in 
view,  and  the  distance  be  read  as  frequently  as  may  be  desired. 

\Then  the  range  is  changing — either  fi-om  the  motion  of  the 
ship  carrying  the  range-finder,  or  from  the  motion  of  the  object,  or 
from  both — the  range-finder  can  be  used  in  either  of  two  ways :  (1) 
the  object  may  be  kept  constantly  in  view,  and  the  range  read  as 
frequently  as  desired,  say  every  two  or  three  seconds  ;  or  (2)  the 
scale  may  be  set  to  read  a  range  that  is  being  approached,  and  the 
range-taker,  without  touching  the  working  head,  may  watch  the 
images  approaching  each  other,  and  give  the  word  when  exact 
alignment  has  been  attained.  This  latter  method  of  operation  is 
specially  applicable  when  the  instrument  is  used  in  connection  with 
gunnery,  because  the  guns  and  the  range-finder  can  be  adjusted  for 
the  same  range,  and  the  guns  fired  at  the  instant  that  the  range  has 
been  attained. 
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The  range-finder  will  no  doubt  ^be  found  of  great  service  in 
carrying  out  experiments  on  tbe  manoeuvring  qualities  of  sbips. 
For  example,  the  turning  circle  (or,  more  correctly  speaking,  the 
turning  curve)  of  a  ship,  under  given  circumstances,  can  be  determined 
by  caiising  the  ship  to  turn  around  or  near  a  floating  object — say 
another  ship,  or  a  small  boat  or  target  carrying  an  upright  pole : 
determining  the  distance  and  the  bearing  of  the  object  simultaneously 
at  given  intervals  of  time,  and  plotting  the  data  thus  obtained. 
Again,  the  speed  of  a  shij)  can  be  determined  by  causing  it  to  steam 
past  a  stationary  ship  or  a  small  boat,  and  noting  the  instant  when 
the  object  is  say  1,000  yards  ahead,  and  again  the  instant  when  it  is 
1,000  yards  astern.  The  speed  of  the  ship  could  no  doubt  be 
ascertained  in  this  way  with  quite  sufficient  accuracy  for  all  practical 
purposes,  and  indeed  well  within  the  variations  of  the  speed  that 
result,  imder  nominally  identical  circumstances,  from  unknown 
causes — say  within  1  per  cent.  As  this  trial  does  not  necessitate 
taking  the  ship  off  duty  to  a  measured  mile,  it  could,  esj)ecially  in 
the  case  of  war  vessels,  be  carried  out  frequently,  and  under  a  great 
variety  of  circumstances.  It  will  be  evident  also  that  as  the  ship 
and  the  floating  object  partake  alike  of  the  motion  due  to  any 
general  current,  the  effect  of  such  a  current  is  eliminated. 

The  value  of  the  instrument  for  nautical  surveying  will  be  so 
obvious  that  it  need  only  be  mentioned. 

Hand  Distance-Finder. — The  naval  range-finder  now  described  is 
a  development  from  a  small  instrument  of  30  inches  base,  which 
was  designed  by  the  authors  in  1888  as  a  field  range-finder  for 
infantry  use.  The  first  of  these  instruments  which  the  authors 
constructed  proved  so  far  successful  that  it  was  the  only  single- 
observer  instrument  which  passed  the  preliminary  trials  of  infantry 
range-finders  carried  out  by  the  "War  Office.  For  the  final  trials  of 
the  same  series,  a  new  instrument  of  33  inches  base  was  constructed 
at  ehort  notice.  In  this  second  instrument  sextant  mirrors  were 
used  for  the  end  reflectors,  in  place  of  the  reflecting  prisms  which 
had  been  used  in  the  construction  of  the  first  instrument.  The 
fixing  of  these  mirrors  securely  enough  and  without  deformation  is  a 
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great  difficulty ;  and  this  led  to  a  failure  of  the  instrument  so 
constructed.  Through  the  experience  gained  in  manufacturing  the 
naval  range-finder  the  authors  have  been  able  to  construct  a  hand 
instrument  of  greatly  improved  design.  For  this  instrument  a  base 
of  2  feet  has  been  adopted,  in  order  to  secure  great  portability  and 
handiness,  so  that  the  instrument  may  be  used  for  a  large  variety  of 
purposes.  Among  the  purposes  specially  in  vie^v  is  the  use  of  the 
instrument  for  navigation  on  the  smaller  sizes  of  ships,  for  yachting, 
for  rajnd  sui-veying,  more  especially  for  military  surveying  and 
prospecting,  and  again  for  service  as  an  artillery  and  infantry 
range-finder. 

The  optical  details  of  this  instrument,  though  of  course  of 
smaller  dimensions,  are  practically  identical  with  those  of  the  naval 
range-finder.  Mechanically  the  instrument  difi'ers  from  the  latter  in 
a  number  of  important  respects.  The  errors  arising  from  bending  of 
the  instrument — under  applied  forces  or  difierential  heating — are 
much  smaller  in  an  instrument  of  shorter  base  ;  and  this  gives 
greater  freedom  of  design.  For  simplicity  and  lightness  the  frame- 
piece  supporting  the  optical  parts  of  the  instrmnent  consists  of  a 
copper  tube,  1^  inch  diameter  and  about  l-32nd  inch  thick ;  while 
the  outer  case  is  composed  of  a  single  brass  tube,  covered  in  some 
portions  with  leather. 

The  accuracy  aimed  at  is  one-third  of  that  which  the  naval 
range-finder  is  designed  to  attain :  namely  3  per  cent,  at  3,000  yards, 
2  per  cent,  at  2,000  yards,  and  so  on. 

Small  telemeters  of  this  kind,  weighing  as  they  do  only  a  few 
pounds,  may  conveniently  be  used  in  the  hand,  without  any  other 
support ;  but  for  special  purposes  they  may  be  supported  in  various 
simple  ways.  Thus  for  military  use  the  instrument  may  be  supported 
on  a  rifle  for  a  kneeling  position,  on  a  rifle  with  bayonet  for  a 
standing  position,  or  on  the  bayonet  alone  for  reclining.  Again,  for 
use  on  board  ship  or  in  the  field,  increased  steadiness  is  obtained  by 
attaching  to  the  instrument  a  vertical  rod,  of  adjustable  length,  the 
lower  end  of  which  may  be  supported  on  the  belt  or  in  the  waistcoat 
pocket. 
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In  this  paper  the  authors  have  considered  it  advisable  to  confine 
themselves  as  far  as  possible  to  those  portions  of  the  subject  which 
may  seem  to  appeal  more  especially  to  Mechanical  Engineers ;  and 
they  have  therefore  not  attempted  to  treat  at  all  fully  of  the  optical 
features  of  the  instrument,  which  no  doubt  would  prove  of  more 
special  interest  to  physicists. 


Discussion. 


Professor  Archibald  Bare  said  that,  had  not  the  paper  been 
prepared  at  the  request  of  Professor  Kennedy  during  his  presidency, 
the  authors  might  have  had  some  misgivings  as  to  this  being  the 
proper  place  in  which  to  bring  forward  such  a  subject.  At  the  same 
time  it  might  not  be  altogether  inappropriate  that  an  institution  of 
engineers  should  occasionally  be  asked  to  consider  the  design  and 
construction  of  optical  and  other  philosophical  instruments.  It 
would  be  remembered  that  it  was  by  virtue  of  the  knowledge  and 
scientific  habits  of  mind  acquired  in  the  design  and  construction  of 
such  instruments  that  both  Smeaton,  who  might  be  looked  upon  as  to 
a  large  extent  the  founder  of  modern  civil  engineering,  and  Watt,  who 
certainly  was  the  father  of  modern  mechanical  engineering,  had  been 
able  to  make  such  great  advances  towards  what  was  now  called 
engineering  practice.  The  authors  had  not  attempted  to  deal  with 
the  interesting  subject  of  the  use  of  the  range-finder  for  naval  or 
military  tactics,  or  for  active  war  purposes.  This  was  perhaps  not 
the  place,  and  they  certainly  were  not  the  persons,  to  speak  upon 
that  part  of  the  subject  with  authority.  They  had  attempted  only  to 
give  the  details  of  the  instrument  itself,  in  a  way  which  they  hoped 
might  be  of  interest  to  the  Members  of  the  Institution. 

The  method  of  using  the  naval  range-finder  would  be  readily 
apprehended  by  inspection  of  the  specimen  exhibited,  and  its 
working  would  be  further  understood  by  examination  of  the  internal 
portions,  which  were  shown  separately.  When  in  use,  the  telescope 
portion  of  the  instrument,  described  in  the  paper,  was  supported  in 
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(Professor  Barr.) 

l)earings  attached  to  a  swinging  frame-work,  wluch  carried  a  balance 
weight.  The  frame-work  rested  on  knife-edges  attached  to  the 
cheeks  of  a  metal  box  oi-  tank,  which  in  turn  was  supported  upon  a 
vertical  spindle  attached  to  a  wooden  pedestal.  In  this  way  the 
tank  and  instrument  as  a  whole  were  free  to  be  turned  in  azimuth 
uj)on  the  pedestal,  while  the  swinging  of  the  frame-work  provided 
the  motion  in  altitude  necessary  to  counteract  the  rolling  or  pitching 
of  the  ship.  In  taking  a  range  with  the  instrument,  the  observer  leaned 
his  body  againtst  the  tank,  grasped  the  handle  of  the  rocking  frame 
with  his  left  hand,  placed  his  right  hand  on  the  top  of  the  milled 
head  which  worked  the  screw,  and  put  his  eyes  to  the  eye-pieces. 
He  then  performed,  as  explained  in  the  paper,  the  operation  of 
findiug  the  object  with  the  left  eye,  making  the  observation  with  the 
right,  and  reading  the  scale  vriih  the  left.  Attached  to  the 
instrument  at  the  eye-pieces  there  was  an  india-rubber  face-piece, 
which  had  three  important  functions.  First  of  all,  as  had  been 
found  by  experience,  the  effect  of  gunnery  was  sometimes  rather 
uncomfortable  if  no  protection  were  given  to  the  face  of  the 
observer ;  every  time  a  gun  went  off",  his  nose  received  rather  a  smart 
blow  from  the  shock  which  the  discharge  produced  upon  the  range- 
finder.  Secondly,  the  face-piece  prevented  stray  light  from  getting 
access  to  the  eyes  of  the  observer.  This  gave  the  great  advantage 
that,  during  the  whole  time  he  was  working,  his  eyes  were  kept  in 
darkness  ;  and  his  vision  thereby  became  much  sharper  than  it  would 
be  if  his  eyes  were  not  protected  from  extraneous  light  while 
observing,  or  if  he  had  to  remove  his  eyes  from  the  instrument,  and 
turn  them  to  some  other  place  for  reading  the  scale.  There  was  yet 
a  third  advantage,  especially  in  the  case  of  night  observations : 
when  but  little  light  came  through  the  right  eye-piece,  the  eye  did 
not  find  the  aperture  at  all  readily ;  but  the  face-piece  at  once  put 
both  eyes  in  the  right  position,  and  they  were  always  ready  to  take 
an  observation  at  once. 

AVith  regard  to  the  accuracy  or  permanency  of  the  range-finder, 
it  had  already  been  mentioned  (page  54)  that  the  instrument 
sometimes  did  not  require  adjustment  for  many  months.  They  had 
since  heard  of  one  of  the  instruments,  which  had  been  sent  by  train 
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from  Glasgow  and  used  regularly  on  a  small  gunboat  attached  to  one 
of  the  gunnery  schools,  and  in  fourteen  months  the  adjustment  had 
never  been  touched  to  the  extent  of  a  single  second  of  angle.  They 
had  also  heard  of  two  range-finders  which  had  met  with  somewhat 
serious  accidents.  On  one  occasion  a  ship's  carpenter  had  screwed 
down  two  of  the  deck  screws,  and  had  left  the  others  unscrewed. 
The  ship  was  caught  in  a  sea-way,  and  as  she  rolled  the 
instrument  fell  right  over,  damaging  the  outer  tube ;  but  it  had  been 
used  quite  successfully  for  gunnery  practice  after  that  accident. 
Another  instrument,  which  had  lately  been  despatched  from 
Portsmouth  to  one  of  the  ships  of  the  navy,  had  had  its  outer  tube 
indented  to  a  depth  of  half  an  inch.  They  did  not  know  the 
condition  of  the  interior  further  than  that  the  captain  of  the  ship 
reported  that  the  instrument  did  not  seem  to  have  been  impaired  in 
regard  to  its  accuracy. 

Mr,  Aenulf  Mallock  considered  the  authors  of  the  paper  were 
to  be  congratulated  on  the  success  they  had  attained,  and  also  on 
having  attained  it  largely  by  applying  true  kinematical  principles  to 
the  construction  of  all  the  parts.  One  of  the  most  important 
elements  in  good  machine  design  he  thought  was  to  supply  only 
the  necessary  and  sufficient  conditions  for  constraining  the  various 
parts  to  follow  the  paths  desired  or  to  lie  in  their  intended  positions. 
It  was  evident  that  the  instrument  now  exhibited  had  been  thoroughly 
thought  out,  and  that  in  all  the  details  this  object  had  been  kept 
constantly  in  view.  The  combination  of  the  eye-piece  prisms  he 
much  admired,  having  often  found  it  useful  to  re-invert  the  image 
in  a  simple  telescope  by  means  of  a  direct-vision  prism.  In 
connection  with  the  accuracy  of  the  readings,  the  authors  had  not 
mentioned  what  was  the  magnifying  power  of  their  telescope. 

Professor  Barr  said  the  magnifying  power  was  from  25  to  30 
times  lineally ;  and  the  effective  aperture  was  If  inch  diameter. 

Mr.  Mallock  thought  the  defining  power  was  estimated  rather 
high  in  the  statement  that  such  a  telescope  could  define  an  angle  of 
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one  second.  The  defining  power  of  a  telescope  depended  upon  tlie 
diameter  of  its  object-glass  ;  and  rouglily  the  angle  which  a  telescope 
would  define  was  the  wave  length  of  light  divided  by  the  diameter  of 
the  object-glass.  With  an  inch  object-glass  it  would  define  an  angle 
of  1  in  50,000 ;  and  to  make  clearly  apparent  one  second  of  arc 
would  require  a  4-inch  object-glass.  This  was  on  the  supposition  that 
all  the  optical  parts  were  perfect.  No  doubt  when  the  observation 
consisted,  as  it  here  did,  in  bringing  two  lines  into  such  a  position 
that  they  appeared  to  form  parts  of  one  and  the  same  continuous 
line,  rather  a  smaller  object-glass  would  be  efiective ;  but  he 
should  not  expect  in  only  one  observation  to  be  able  to  get  the 
accuracy  of  one  second  of  angle  with  certainty,  unless  employing 
an  object-glass  of  something  like  three  inches  diameter.  With 
the  mean  of  several  observations  a  better  result  might  of  course  be 
obtained. 

As  to  halving  the  field,  it  was  represented  in  the  paper  (page  45) 
that  the  plan  of  dividing  the  image,  and  making  the  observation  by 
bringing  the  halves  together  again,  was  better  than  having  the  entire 
field  occupied  by  two  complete  images  of  the  whole  object  and  making 
these  two  images  coincide.  With  the  image  halved  as  it  here  was, 
the  observation  was  no  doubt  rendered  much  easier  to  a  novice  ;  but 
this  method  had  the  disadvantage  that  it  confined  the  useful  part  of 
the  field  to  the  neighbourhood  of  the  line  of  demarcation.  That 
was  of  no  consequence  at  all  when  the  objects  M'ero  large,  or 
stretched  right  across  the  field  from  top  to  bottom ;  but  for  small 
rocks,  boats,  buoys,  and  such  objects,  there  was  a  considerable 
difiiculty  in  keeping  the  image  in  the  neighbourhood  where  it  must 
be  in  the  field  of  view  in  order  to  be  of  any  use  at  all.  The  angular 
aperture  of  the  field  had  not  been  stated,  and  he  should  suppose  it 
was  small,  probably  not  more  than  half  a  degree.  If  so,  he  imagined 
there  would  be  considerable  difficulty  in  keeping  the  object  in  the 
field  at  all ;  and  this  difficulty  was  increased  by  the  fact  that  the  object 
must  not  only  be  kept  in  the  field,  but  must  be  kept  in  one  jmrt  of 
the  field.  On  the  other  hand,  if  the  field  was  nearly  covered  by 
each  of  two  complete  images  of  the  object,  then  wherever  the  object 
was  in  the  field  the  observation  could  be  proceeded  with ;  and  this  he 
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considered  was  really  a  great  advantage.  Apart  from  this  criticism 
however,  he  thought  the  authors  had  brought  out  what  was  certainly 
a  remarkable  and  useful  instrument. 

The  range-finder  invented  by  himself,  which  had  undergone  its 
official  trials  at  the  same  time  as  that  of  Professors  Barr  and  Stroud, 
had  given  results  which  were  nearly  identical,  as  far  as  accuracy 
went,  with  those  of  the  latter ;  and  during  the  three  years  that  it  had 
been  on  one  of  the  ships  of  the  navy  in  the  Mediterranean  it  had 
been  found  of  great  service.  The  principle  embodied  in  that 
instrument  consisted  in  such  an  arrangement  of  the  optical  parts 
that  deformation  or  bending  of  the  base  did  not  affect  the  accuracy 
of  the  readings.  On  the  other  hand  the  leading  feature  in  the  Barr 
and  Stroud  range-finder  was  the  careful  protection  of  the  base  from 
any  kind  of  deformation,  whether  by  heat  or  by  mechanical  force. 
Each  instrument  had  advantages  and  disadvantages  which  the  other 
lacked;  but  in  respect  of  giving  the  distance  of  an  object  which 
could  be  easily  observed,  both  were  equally  successful. 

Professor  C.  V.  Boys  joined  the  last  speaker  in  congratulating 
the  authors  on  the  beautiful  design  of  their  instrument,  and  also  in 
expressing    his   appreciation  more    especially    of    the    kinematical 
relations,  of  which  he  believed  the  importance  had  not  always  been 
appreciated  by  practical  men.     If  any  one  feature  might  be  selected 
for  praise  beyond  the  rest,  he  should  like  to  select  the  double-prism 
eye-piece,  which  he  thought,  looking  at  it  purely  as  an  experimental 
physicist,  was  a  most  beautiful  device,  and  one  which  every  scientific 
observer  in  a  laboratory  ought  to  be  familiar  with.     It  was  a  most 
beautiful  way  of  obtaining,  if  desired,  the  focus  of  the  dividing  line 
and  the  focus  of  the  two  halves  exactly  together,  so  that  the  two 
images  should  be  divided  by  a  sharp  line,  instead  of  blending  one 
into  the  other.    The  braced  frame  itself,  delineated  in  Plates  3,  4,  5, 
and   10,  was  a  most   admirably  matured    contrivance,  which   alone 
would  suffice  to  show  what  a  broad  distinction  there  was  between 
what  might  be  called  the  happy  idea  of  such  an  instrument  as  this, 
and  its  practical  realization  in  so  perfect  and  beautiful  a  form  as  was 
here  exhibited. 
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With  reference  to  the    defining  power,  he  was  aware  that  a  lens 
or  a  mirror  of  about  4  inches  aperture  was  capable  of  defining,  in' the 
astronomical  sense,  with  an  accuracy  approaching  one  second  of  arc. 
But  though  this  was  undoubtedly  true,  and  there  was  no  way  of  getting 
round  it  by  any  ingenuity,  because  the  limit  was  the  consequence  of 
the  wave  length  of  light  and  not  of  any  fault  of  the  instrument  or  of 
the  instrument  maker,  it  was   nevertheless   practicable  as  well  as 
possible  to  read  with  such  an  instrument  with  a  degree  of  accuracy 
considerably  more  minute  than  the  limit  of  its  dividing  or  separating 
power.     It  was  true  that  with  the  4-inch  telescope,  two  stars  which 
were  1^  second  apart  could  only  just,  if  at  all,  be  separated.     If  the 
telescope   was    less  than  4  inches   aperture,  it  was   impossible   to 
obtain  clearly  two  separate  discs  for  those  two  stars.     On  the  other 
hand,  if  there  were  two  stars  any  distance  apart,  the  distance  of 
which  was  being  determined  by  a  micrometer,  it  was  possible  to 
determine  the  distance  of  those  two  stars  with  a  telescope  of  less  than 
4  inches  aperture   and   with   an   accuracy  more   minute   than  one 
second ;  because,  although  the  disc   formed   by  each   star,   due   to 
optical  causes,  subtended  in  a  4-inch  telescope  an  angle  slightly 
larger  than  one  second,  yet  each  disc  could  be  bisected  by  a  cross 
wire,   and   the  distance    between    the    two    cross   wires   could    be 
determined  with  an  accuracy  perhaps  not   so   minute  as  one-tenth 
of  a  second,  but  somewhere  between  one-fourth  and  one-tenth.     In 
his  own  experience  he  had  made  measurements  down  to  about  one 
second  of  arc  with  certainty  with  a  small  rectangular  mirror  only 
0"9x0"25  inch  aperture  ;  and  the  accuracy  of  the  apparatus  he  had 
employed  had  been  confirmed  by  such  high  optical  authorities  as 
Professor  Clifton  and  Professor  Cornu  of  Paris.     Headings  correct  to 
about  one  second  of  arc  with  a  mirror   of  only  an  inch  diameter 
were  feasible  and  certain  :    that  is  to  say,  readings  of  the  distances 
of  two  images,  but  by  no  possibility  could  they  be  separated  if  they 
were  less  than   about   4}   seconds   jlpart.     In   connection  with  the 
possible  defining   power  of  a  telescope   or  a  mirror,   it   might   be 
worth   while   to   draw   attention   to   the  fact — even  though  it  was 
not  made  use  of  in  the  instrument  described,  and  perhaps  it  would 
not  be  feasible  to  make  use  of  it — that  a  square  telescope,  if  there 
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were  sucli  a  thing,  would  define  more  accurately  than  a  round 
telescope  of  the  same  diameter.  Although  there  were  not  any- 
square  telescopes,  the  advantage  of  a  square  telescope  could 
sometimes  he  obtained  in  a  simple  way  with  a  circular  mirror  or 
telescope ;  if  there  was  j)lenty  of  light  and  the  instrument  was 
optically  perfect,  it  would  be  found  that  a  slightly  more  accurate 
dividing  power  in  one  direction — say  horizontally,  which  was  all  that 
had  to  be  dealt  with  in  range-finders — could  be  obtained  by  putting 
two  bits  of  card  or  other  opaque  medium  so  as  to  blot  out  the 
top  and  bottom  of  the  field  and  leave  only  the  middle  strip  for  use  ; 
the  rectangular  field  so  formed  had  then  a  slightly  greater  separating 
power  horizontally  than  the  open  circular  field  from  which  it  had 
been  enclosed.  It  had  indeed  less  separating  power  vertically,  but 
this  the  observer  did  not  care  about  in  a  range-finder. 

One  other  j^oint  which  called  forth  his  admiration  in  the 
instrument  exhibited  was  the  beautiful  way  in  which  the  authors  had 
got  over  the  great  difficulties  of  magnifying  the  exceedingly  small 
angle  that  constituted  the  especial  feature  of  a  range-finder  :  an 
angle  represented  by  one  second,  or  by  only  so  many  multiples  of 
one  second  as  were  determined  by  the  limit  of  the  particular 
instrument.  In  each  of  the  two  instruments  described  of  Adie  and 
of  the  Astronomer  Royal,  what  might  be  called  a  common  method 
of  the  physical  laboratory  was  made  use  of;  but  in  each  it 
necessarily  failed,  or  at  any  rate  worked  under  such  great 
disadvantages  that  the  slightest  movements  of  the  mirror  or  of  the 
object-glass  immediately  produced  a  large  eftect  upon  the  image. 
The  accuracy  with  which  those  movements  had  to  be  efiiected  was  of 
the  highest  possible  order.  By  making  use  of  the  refracting  prism 
of  small  angle,  the  authors  had  arrived  at  a  most  beautiful  and 
ingenious  method  of  diminishing  the  eftect  of  a  given  movement, 
and  thus  of  magnifying  the  ease  with  which  the  adjustment  might  be 
made;  the  latter  was  the  real  practical  point  for  the  observer. 
There  was  one  other  method  of  producing  precisely  the  same  result, 
which  had  occurred  to  him  when  reading  the  paper  over  beforehand  ; 
and  he  noticed  that  the  authors  had  already  made  use  of  it  for  what 
they  called  the  halving  adjustment  (page  54).      It  had  also  been 
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brought  into  prominence  by  Professor  Poynting,  in  his  method  of 
making  a  simple  and  perfect  catbetometer.  It  consisted  in  the  use  of 
a  pane  of  glass  with  flat  parallel  faces,  through  which  the  rays  of 
light  had  to  pass.  As  explained  in  the  paper,  if  the  glass  was 
normal  to  the  path  of  the  rays  coming  from  the  object-glass  of  the 
telescope,  the  rays  would  go  straight  through;  whereas,  if  it' was 
inclined  to  their  path,  then  the  rays  became  slightly  refracted 
downwards  or  upwards,  and  still  went  out  parallel,  and  the  image 
was  thereby  deflected  downwards  or  upwards  to  an  extent  which 
was  small  in  comparison  with  the  angle  through  which  the  glass 
was  inclined.  By  the  use  of  such  a  pane,  which  might  be  made 
as  thin  as  was  desired — and  the  thinner  it  was,  the  more  delicate 
was  the  adjustment  eftected  by  the  same  amount  of  angular 
movement  of  the  pane —precisely  the  same  optical  result  was 
obtained  as  by  the  use  of  the  prism  of  small  angle.  The  plain 
pane  being  already  used  for  the  halving  adjustment,  it  had  occurred 
to  him  to  suggest  that  it  would  be  possible  to  apply  it  with  perhaps 
equal  ease  and  convenience  for  the  purpose  of  fulfilling  the  main 
adjustment  and  function  of  the  whole  instrument. 

Professor  A.  G.  Greenhill  regarded  the  problem  brought 
forward  in  the  present  paper  as  lying  mid-way  between  the  two 
extremes  of  a  vast  subject.  At  the  one  extreme  was  the  question 
j)resented  to  astronomers  of  making  use  of  the  largest  base 
available  to  them,  namely  the  diameter  of  the  earth  or  of  her 
orbit — itself  only  a  small  base,  even  from  the  range-finding 
point  of  view — for  determining  the  distance  of  such  remote  objects 
as  the  sun  or  fixed  stars,  of  which  the  diurnal  parallax  ran  down 
to  8j  seconds  for  the  sun,  and  the  annual  j)arallax  to  about 
one-third  of  a  second  for  the  nearest  fixed  stars.  In  connection  with 
the  authors'  endeavour,  in  the  design  of  the  supports  of  their  frame- 
work, to  guard  against  a  star  appearing  to  be  beyond  infinity 
(page  51),  perhaps  it  might  bo  a  comfort  to  them  to  know  that 
astronomers  occasionally  met  with  stars  of  negative  parallax.  At 
the  other  extreme  of  the  subject  was  the  ordinary  experience  of  daily 
life,  in  which  the  eyes  were  used  as  a  range-finder,  with  the  distance 
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between  them  for  tlie  fixed  base ;  aud  here  the  time  employed  in 
range-finding  had  necessarily  to  be  extremely  short.  The  cricketer, 
for  instance,  had  to  estimate  the  range  of  the  ball  in  something  like 
one-tenth  of  a  second,  compared  with  which  the  ten  seconds  occupied 
with  the  naval  range-finder  apj)eared  a  long  time.  Ten  seconds 
however  he  presumed  would  be  considered  a  short  time  and  a  good 
achievement  for  military  purposes,  because  for  these  extreme  accuracy 
in  the  determination  of  the  range  was  not  a  matter  of  so  much 
importance  compared  with  other  details,  such  as  raj)idity ;  and  for 
use  on  land  he  supposed  a  reduction  in  weight  was  a  necessary 
(Qualification.  The  instrument  now  exhibited  was  obviously  intended 
for  use  on  board  ship,  where  its  weight  was  not  so  important.  The 
hand  instrument  however,  from  the  descrijotion  given  in  the  j)aper 
(page  57),  appeared  to  satisfy  all  the  requirements  of  a  military 
range-finder.  In  the  museum  of  a  country  to^Ti  he  once  came 
across  an  instrument,  bearing  an  inscription  which  stated  that  it 
had  been  invented  for  "  determining  the  distance  of  an  inaccessible 
object  without  going  there — a  problem  declared  impossible  by 
mathematicians."  So  far  however  as  the  mathematics  of  the  problem 
were  concerned,  it  had  been  settled  some  two  thousand  years  ago 
by  Archimedes,  as  recorded  in  the  "  Poliorcetics "  of  Hero  of 
Alexandria.  But  those  ancients  had  not  the  advantage  of  the 
optical  and  practical  improvements  of  the  present  century — 
advantages  of  which  the  authors  of  the  paper  had  known  so  well 
how  to  make  the  best  use. 

Mr.  Adam  Hilger  could  see  from  his  own  experience  in  making 
the  optical  parts  of  instruments  of  this  kind  that  there  must  have 
been  a  great  deal  of  trouble  in  bringing  the  small  prisms  to  such  a 
state  of  perfection  as  to  allow  of  such  great  precision  in  the 
adjustment  of  the  instrument  and  in  the  observations  made  with  it. 
Even  at  the  present  time  there  were  some  parts  of  the  instrument 
which  were  exceedingly  difficult  to  make,  especially  what  was  called 
the  eye-piece  prism  combination  (page  io),  by  which  the  two  images 
were  separated  to  such  a  sharp  edge  that  the  dividing  line  was 
almost  invisible  to  the  observer.    Those  surfaces  being  so  small  must 
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be  made  as  absolutely  flat  towards  tbe  edge  in  tbe  angle  as  it  was 
possible  for  them  to  be.     It  was  almost  an  impossibility  to  get  them 
absolutely  close,  and  they  had  to  be  packed  up  at  their  edges  with 
additional  pieces  of  glass,  in  order  to  make  a  larger  surface.     The 
two   pieces   had    to    be   brought    so  closely  together,  in   cementing 
by   means   of   Canada    balsam,   that  there  should  not   be  the   least 
deviation  towards  an  incline  or  rounding  between  the  two  surfaces. 
On   such    a   small    scale    the    work    was    difficult,   and    there   had 
been    a    great    many    failures.       This    was    perhaps    one    of    the 
most   difficult  parts  of    the  whole    instrument,   though  it   did   not 
appear   to   be   so.      In    every   respect   all    the   optical   parts   were 
exceedingly  difficult  to  make,  and  every  surface  of  the  whole  of  them 
was  tested  to  a  magnifying  power  of  500  times ;  because  it  was  clear 
that,  if  there  was  the  slightest  error  in  any  one  part,  it  would   get 
multiplied  in  the  succeeding  parts  by  reflection,  and  so  would  cause 
a  difi"used  image  to  be  presented  to  the  observer.     Achromatic  object- 
glasses  must  of  course  be  absolutely  achromatic ;  and  this  result  was 
obtained  only  through  long  experience  and  continuous  changes  of 
glasses  of  various  refractive  indices,  crown  and  flint.     A  jmrticular 
quality  of  glass  was  employed,  which  was  obtained  from  Jena.     It 
came  nearest  to  freedom  from  chromatic  aberration  as  well  as  from 
spherical   aberration.     The  latter   was   not    so  difficult    to    get  rid 
of,    because    the    focus    was    made    long    as   compared    with    the 
diameter  of  Ij  to  1 J  inch.     With  a  focus  at  25  to  31  inches  there 
was  no  particular  difficulty ;   and  with  an  object-glass  of  1 1  inch 
diameter  and  a  focus  of  only  29  inches,  or  even  only  25  inches, 
absolute   achromatism   was    obtained    without    the    least   si)herical 
aberration.     The    magnifying    power   was    500   times,   which    was 
perhaps  about  as  high  as  could  be  got,  though  he  had  made  object- 
glasses  of  greater  diameter,  up  to  even  3;^  inches,  which  allowed  a 
magnifying    power    of    500    times    with    a    focal   length   of    only 
'27  h   inches.     It  had  formerly  been   supposed  to    be   impossible  to 
make  an  object-glass  of  so  large  a  diameter  with  such  a  short  focus ; 
but  as  the  chance  had  arisen  of  providing  some  of  these  glasses  for 
astronomers,  he  had  succeeded  in  doing  it,  the  angle  of  the  object- 
glass  at  the  focus  being  7,V°. 


Jax.  1893.  KANGE-FINDERS.  69 

Mr.  J.  Hartley  Wicksteed,  Vice-President,  asked  why  the 
aiathors  had  not  been  able  to  get  a  longer  scale  than  six  inches. 
The  instrument  appeared  to  be  made  4^  feet  long,  in  order  to  get 
a  base  line  long  enough  for  the  small  angle ;  and  this  gave  2 j  feet 
from  the  centre  to  each  end,  which  would  ai:)pear  to  admit  of  a 
possible  length  of  2  feet  for  the  scale.  Why  therefore  should  not 
the  prism  refracting  the  beam  from  the  reflector  be  made  with  its 
faces  more  nearly  parallel,  and  a  scale  be  used  of  something  like 
two  feet  length  instead  of  only  six  inches '? 

Mr.  Archibald  P.  Head  was  much  impressed  with  the  great 
optical  and  mechanical  skill  which  had  been  evinced  by  the  authors. 
The  extreme  accuracy  of  1  per  cent,  at  3,000  yards  he  thought  might 
possibly  have  been  still  more  vividly  realized,  if  a  table  had  been 
given  showing  observed  and  verified  distances.  It  was  stated  in 
page  36  that  the  alignment  of  the  two  images  might  be  observed  in 
any  part  of  the  field  ;  and  he  should  like  to  know  what  was  the 
angle  of  the  field,  that  is,  what  was  the  angle  through  which  the 
instrument  could  be  moved  without  losing  sight  of  the  object.  In  a 
heavy  sea  it  seemed  to  him  that  there  might  be  some  difficulty  in 
keeping  the  object  in  view.  Rotation  about  a  horizontal  transverse 
axis  he  presumed  did  not  affect  the  position  of  the  image  in  the  field, 
whereas  rotation  round  a  horizontal  longitudinal  axis  or  round  a 
vertical  axis  did  affect  it.  In  this  instrument  there  appeared  to  be 
two  movements  for  correcting  the  two  latter  rotations,  none  being 
necessary  for  correcting  the  first. 

The  two-foot  hand  distance-finder  was  mentioned  in  page  58  as 
presenting  great  portability  and  handiness  for  a  single-observer 
instrument ;  and  it  seemed  to  be  really  remarkably  light  and 
convenient.  There  were  certain  circumstances  however  under 
which  a  still  lighter  range-finder  was  required,  as  for  instance  in 
making  rough  i)reliminary  surveys,  where  a  great  degree  of  accuracy 
was  not  required,  where  tw^o  observers  were  impossible,  and  where 
much  luggage  could  not  be  carried.  Two  or  three  years  ago  he 
had  been  in  search  of  an  instrument  for  such  a  purpose,  and  Professor 
Barr  had  been  so  kind  as  to  lend  him  one  of  the  range-finders  which 
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had  been   described   at   tbe   Britisb    Association  meeting  in  Leeds 
(Eeport  1890,  page  499).     It  was  an  instrument  for  two  observers, 
who  had  a  cord  stretched  taut  between  them  as  a  base  line,  from  the 
extremities  of  which  they  took  their   observations   simultaneously. 
That  instrument  he  found  remarkably  accurate  ;  but  the  need  of  two 
observers  was  a  fatal  objection  in  his  case,  and  had  finally  led  him  to 
adopt  an  ordinary  box-sextant  of  small  size,  only  three  inches  diameter, 
by  which  with  the  aid  of  a  vernier  he  could  read  an  angle  to  within 
one  minute.     It  fulfilled  the  three  conditions  of  portability,  speed  of 
working,  and  only  one  observer.     For  the  method  which  he  adopted 
of  using  this  instrument  no  claim  of  novelty  could  be  urged,  but  it 
might  be  new  to  some  persons.     As  shown  in  Fig.  41,  Plate  12,  the 
observer  standing  at  A  desired  to  measure  the  distance  AO  of  an 
inaccessible  point  O.     The  instrument  was  first  set  to  an  angle  of 
90  ,  thus  making  an  optical  square.     He  then  looked  at  0,  and  saw 
reflected  upon  O  the  image  of  some  prominent  object  C  to  the  right, 
such  as  a  rock  or  a  tree.     If  there  was  no  such  suitable  object,  he 
must   shift   his  position    A    till    he    found    one.     Having  done  so, 
he  deposited  his  knapsack  or  walking  stick  on  the  ground  at  A,  and 
without  using  a  base  line  he  paced  a  base  AB,  not  towards  C,  but 
away  from   it.     The   usual  way  with   other  range-finders  was  for 
the  observer  to   walk  towards   C,   leaving   someone   at   A  to  keep 
him    in    line ;    but    by   the    method    described    he   walked    away 
from   C   towards  B,   and   when   he   had   paced  the  base  he  faced 
about,   and   aligned  himself  with   A   and  C,  moving   to   the  right 
or  left  if  he  found  himself  out  of  alignment.     He  then  measured  the 
angle  ABO  with   the   box  sextant,  and  the  tangent  of  that   angle 
multiplied  by  the  length  of  the  base  AB  gave  the  required  distance 
AO.      The    length    of    the    base   AB    could    be    made    anything 
convenient,  according   to    the   exigencies    of  the  ground;   and  the 
aim  should  be  to  make  it  as  nearly  as  possible  proportional  to  the 
distance  AO,  so  that  the  error  might  vary  simply  as  the  distance, 
and  not  as  the  square  of  the  distance  (page  37)  as  was  the  case  in  a 
range-finder  of  fixed  base.     By  this  method  he  found  that  with  well 
defined  objects  at  O  and  C  an  accuracy  within  5  per  cent,  could  be 
relied  on. 
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Professor  William  Stkoud  explained  that  the  reason  why  a  scale 
of  only  six  inches  length  was  employed  (pagejGQ)  was  because  that 
length  of  scale  was  all  that  was  wanted.  A  longer  scale,  while  it 
would  reduce  the  rapidity  of  working  with  the  range-finder,  would 
not  enable  the  instrument  to  be  read  any  more  accurately.  If  it  was 
wanted  to  obtain  greater  accuracy  in  connection  with  the  instrument , 
it  was  the  optical  parts  which  would  want  improving.  The  present 
scale  of  only  six  inches  length  could  be  read  at  least  five  times  as 
accurately  as  the  instrument  could  be  adjusted.  There  was  therefore 
no  object  in  making  the  scale  reading!  any  more  accurate  than  it  was 
at  present,  although  of  course  the  scale  could  be  lengthened  out  to  a 
greater  extent  if  there  were  anything  to  be  gained  thereby. 

The  range-finders  made  some  years  ago  and  exhibited  at  the 
British  Association  meeting  in  1890  in  connection  with  a  sextant  or 
optical  square  (page  70)  had  not  been  dealt  with  in  the  present 
paper,  in  which  it  had  been  considered  quite  sufiicient  to  treat  only 
of  single-observer  range-finders.  The  method  of  range-finding 
described  by  Mr.  Head  would  not  be  of  any  avail  for  determining 
distances  when  either  the  object  or  the  observer  was  in  motion  ;  and 
this  the  naval  range-finder  was  designed  to  accomplish. 

The  present  instrument  had  been  spoken  of  as  originating  in  a 
happy  idea  (page  63) ;  and  roughly  speaking  it  might  indeed  be 
said  that  the  whole  of  the  original  design  for  the  range-finder  had 
been  schemed  in  about  three  weeks ;  but  it  had  taken  seven  or  eight 
years  really  to  work  out  all  the  practical  details  of  the  instrument. 
A  good  deal  of  work  had  been  done  in  connection  with  the  eye-piece 
prism  combination  ;  and  it  was  highly  gratifying  to  receive  Professor 
Boys'  assurance  of  the  value  of  this  arrangement.  Some  six  or  eight 
different  eye-piece  prism  combinations  had  been  made  at  different 
times  in  connection  with  the  range-finder ;  but  these  had  not  been 
referred  to  in  the  paper,  because  it  was  thought  they  would  be  of 
interest  to  physicists  rather  than  to  engineers. 

With  reference  to  the  suggestion  (page  66)  to  use  a  thin 
parallel  plate  of  glass  for  producing  the  small  optical  shift  of  image, 
that  method  appeared  to  him  to  possess  no  advantage  over  the 
travelling   prism,  but  several  disadvantages.      A   thin  plate  would 
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indeed  be  of  no  avail,  owing  to  its  extremely  limited  range  of 
adjustment ;  in  order  to  produce  the  requisite  shift  of  image,  a  plate 
of  glass  at  least  half  an  inch  thick  would  be  required.  Taking  a. 
plate  of  glass  half  an  inch  thick,  and  rotating  it  30°  on  each  side  of 
the  mean  position,  the  motion  so  obtained  of  the  image  would  be 
equivalent  to  what  was  obtained  at  present  with  the  prism  ;  but  the 
jiosition  of  the  focal  plane  would  be  altered  by  no  less  than  l-30th 
of  an  inch  in  its  extreme  position — an  amount  quite  inadmissible. 
The  lack  of  definition  too  would  be  highly  objectionable.  Moreover 
gearing  would  have  to  be  introduced  between  the  plate  and  the 
scale,  in  order  to  magnify  the  angular  motion  of  the  plate.  It 
was  true  that  a  plate  was  used  in  this  way  for  effecting  the  halving 
adjustment  (page  54) ;  but  in  this  case  the  range  of  adjustment 
to  be  covered  was  comparatively  small,  and  the  extent  of  motion 
had  not  to  be  recorded.  Again,  the  device  of  a  refracting  prism 
which  had  been  adopted  gave  a  scale  of  equal  angles  ;  -whereas  the 
j)arallel  plate  would  give  a  scale  of  angles  approximately  but  not. 
rigidly  equal,  so  that  the  construction  of  the  scale  would  be  much 
more  difficult.  Further,  it  did  not  appear  that  it  would  be  easy  to 
retain  the  present  method  of  reading  the  scale  by  the  left  eye,  upon 
which  depended  much  of  the  ease  and  rapidity  that  could  be 
attained  in  the  use  of  the  instrument.  On  every  account  he 
considered  the  parallel  plate  was  inferior  to  the  travelling  prism 
for  a  convergent  beam  of  light.  Outside  the  telescope,  in  an 
approximately  parallel  beam  of  light,  he  quite  appreciated  the 
merits  of  the  parallel  plate,  which  had  been  employed  many  years- 
ago  by  Helmholtz  in  his  ophthalmometer.  It  might  be  interesting 
also  to  note  that  James  Watt  had  invented  a  telemeter  about  1770,  in 
Avhich  one  Imlf  of  a  prism  of  small  angle  was  angled  relatively  to  the 
other  half,  in  order  to  jjroduce  a  diticreut  amount  of  deviation  ;  and 
l)y  its  inclination,  as  shown  on  a  divided  sector,  to  indicate  the 
distance  of  a  rod  carrying  indices  or  targets  at  a  known  distance 
apart. 

With  reference  to  the  accuracy  of  the  instrument,  as  a  matter  of 
fact  it  was  found  quite  feasible,  when  merely  taking  what  might 
be  called  "  snap  shots,"  to  get  to  an  accuracy  of  one  second.     It  was. 
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further  quite  feasible,  if  tlie  range-finder  was  treated  as  a  scientific 
instrument  in  the  ordinary  way  in  which  a  laboratory  instrument 
would  be  treated — namely  by  taking  readings  above  and  below  the 
correct  value — to  get  to  an  accuracy  as  minute  as  half  a  second  of 
arc,  or  even  less,  wdth  the  present  magnifying  power  of  about  twenty- 
five  times  lineally.     [See  table,  page  75.] 

The  horizontal  angular  aperture  of  the  field  in  the  telescope 
(page  69)  amounted  to  5-8 ths  of  an  inch  at  a  distance  of  25^  inches, 
or  nearly  Ih  degree,  or  5  in  20 J,  while  the  vertical  aperture  was 
about  two-thirds  of  a  degree  (page  62). 

The  paper  he  considered  had  been  generously  dealt  with  by 
Mr.  Mallock,  w^ho  had  not  referred  at  all  fully  to  his  own  work  in 
connection  with  range-finding.  He  had  been  the  most  serious 
competitor  they  had  had  to  encounter  in  the  range-finder  trials  ;  and 
so  far  as  accuracy  was  concerned,  he  understood  that  there  was  not 
much  to  choose  between  the  Mallock  telemeter  and  the  Barr  and  Stroud 
instrument  tried  against  it.  The  latter  had  a  base  length  of  5  feet, 
as  against  8  feet  he  believed  in  Mr.  Mallock's  range-finder.  That 
first  Barr  and  Stroud  instrument  had  not  the  system  of  eye-piece 
prisms  described  in  the  paper,  but  a  much  inferior  arrangement ; 
nor  had  it  the  copper  frame-piece,  or  other  details  of  the  instrument 
now  described.  It  was  in  consequence  subject  to  errors  from 
difiierential  heating  and  other  causes.  They  regretted  that  they  had 
failed  to  get  any  particulars  of  the  Mallock  naval  range-finder,  as 
they  had  wished  to  refer  to  it  in  the  paper.  Perhaps  on  some 
future  occasion  Mr.  Mallock  would  ofier  to  the  Institution  a 
description  of  his  own  range-finder,  of  which  the  leading  jDrincii^le 
was  of  much  interest  and  value. 

As  to  the  advantage  of  forming  two  complete  overlapping  images 
(page  62),  so  that  observation  could  be  made  in  any  part  of  the 
field,  their  own  experience  was  that  satisfactory  observations  could 
not  be  made  unless  the  images  in  the  field  were  under  good  control. 
The  image  of  a  small  object  must  be  fairly  stationary  for  the  eye 
to  observe  at  all  satisfactorily ;  and  given  that  a  fairly  stationary 
image  was  necessary,  he  saw  no  objection  to  bringing  it  to  a  special 
part    of    the    field    for    examination.      Moreover   the   object   most 
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commonly  observed  upon  was  a  ship's  mast  or  funnel ;  and  in  that 
case  a  considerable  vertical  motion  of  the  image  could  take  place 
without  its  ceasing  to  cross  the  horizontal  separating  line.  In  regard 
to  small  rocks,  boats,  buoys,  and  such  objects  (page  62),  which  had 
sometimes  to  be  observed,  the  astigmatiser  was  of  great  advantage, 
inasmuch  as  it  gave  long  vertical  streaks  upon  which  to  work.  In 
any  case  experiments  had  convinced  them  that  the  method  of 
overlapping  images  was  greatly  inferior  to  the  method  of  alignment 
between  separate  images. 

Last  of  all  he  wished  to  refer  to  the  indomitable  energy  and 
perseverance  of  his  colleague,  Professor  Barr.  Had  it  not  been  for 
these,  he  should  himself  have  thrown  up  the  whole  question  three  or 
four  years  ago. 

Professor  Bark  said  that,  with  regard  to  the  difficulty  of  using 
the  range-finder  at  sea,  he  had  had  some  experience  himself,  but  he 
had  not  had  experience  in  rough  weather.  During  the  last  naval 
manoeuvres,  through  the  kindness  of  Captain  Grenfell,  their  assistant 
Mr.  Jackson  (who  had  not  had  any  previous  experience  of  the 
instrument  at  sea,  though  he  had  had  a  good  deal  of  experience  with 
it  on  land)  had  been  privileged  to  go  with  a  range-finder  on 
H.M.S.  "  Benbow."  The  ship  had  encountered  fairly  rough  weather. 
For  example,  on  one  occasion  she  pitched  to  such  an  extent  that  the 
tarpaulin  covering  the  breech  of  the  110-ton  bow  gun  was  unshipped 
by  a  sea  taken  over  the  bow,  the  angle-iron  fixings  of  the  cover  being 
carried  away.  Under  circumstances  such  as  these  Mr.  Jackson  stated 
that  he  had  practically  had  no  difficulty  whatever  in  using  the 
instrument.  Similar  reports  had  been  received  from  naval  officers 
who  had  had  experience  of  the  working  of  the  range-finder  at  sea. 
In  calm  weather  certainly  no  one  had  any  difficulty  in  using  the 
instrument  after  two  or  three  minutes'  trial.  At  the  present  time 
hundreds  of  observations  of  one  kind  or  another  were  being  made 
with  these  instruments.  Unfortunately  not  many  were  of  the  kind 
referred  to  by  Mr.  Head  (page  G9),  in  which  distances  observed 
and  directly  measured  could  be  compared.  One  reason  was  that 
except  under  specially  favourable  circumstances   in    regard   to  the 
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nature  of  the  intervening  ground,  it  was  exceedingly  difficult  to 
determine  the  distances  of  objects  by  any  ordinary  means  as  accurately 
as  the  range-finder  itself  would  determine  them. 

The  accompanying  table  recorded  a  few  observations  taken  in 
adjusting  instrument  No.  35  by  observing  upon  known  distances. 
These  observations  were  not  selected  as  the  best  that  had  been 
obtained,  but  as  fairly  representing  the  accuracy  with  which  the 
instrument  could    be  worked   under    good    conditions   as   regarded 
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steadiness  of  platform  ttc.  They  had  not  been  made  specially,  but 
were  quoted  from  the  laboratory  record  book.  The  objects  observed 
were: — a  house  at  32G-1  yards  distance  by  direct  measurement; 
a  chimney  believed  to  be  at  1,975  yards  from  observations  with 
other  range-finders ;  Eenfrew  church  spire,  measured  on  ordnance 
maps  as  5,930  yards.  The  house  and  spire  were  used  as  data,  from 
which  to  determine  the  constants  for  the  scales  of  the  instruments. 
The  angles  recorded  were  the  angles  subtended  by  the  base  length 
at  the  distances  read  by  the  instrument.  The  observations  in  sets 
Nos.  1  and  2  were  taken  when  the  instrument  was  not  in  adjustment, 
and  for  the  j)uriiose  of  adjusting  it.  In  set  Xo.  1  the  chimney  was 
very  hazy  with  driving  rain ;  in  set  Xo.  2,  taken  an  hour  later,  it 
was  much  clearer.  Sets  Xos.  3  and  4  were  taken  after  the  instrument 
had  been  adjusted  to  326  yards  on  tho  house ;  set  No.  3  was  taken, 
by  one  observer,  and_Xo.  4  by  another ;  in  Xo.  3  the  spire  was  very 
faint.  These  and  many  other  such  sets  of  observations  he  thought 
bore  out  the  statement  in  the  paper,  that  under  favourable  conditions 
the  range-finder  was  able  to  work  to  an  accuracy  within  one  second 
of  angle. 

With  what  had  been  said  by  Mr.  Mallock  on  the  physical 
limitations  of  the  resolving  power  of  telescopes  (page  62),  he 
could  not  but  agree.  Furthermore,  physiologists  stated  that  the 
retinal  cones,  which  seemed  to  be  the  centres  of  independent 
sensations,  subtended  visual  angles  of  about  one  minute,  and  that 
this  angle  consequently  limited  the  resolving  power  of  the  eye  for 
spots  of  light ;  and  this  was  confirmed  by  experiment.  Thus  it 
was  stated  by  Professor  Foster  ("  Text  Book  of  Physiology,"  fifth 
edition,  part  iv,  jjage  1219): — "In  most  people  two  stars  .... 
appear  to  become  one  when  the  angle  subtended  by  the  distance 
between  them  becomes  less  than  sixty  seconds  or  one  minute.  And 
similar  measurements  are  obtained  when  other  images  are  made  to 
fall  on  the  fovea,  such  as  those  of  parallel  wliitc  streaks  on  a  black 
ground,  or  black  streaks  on  a  white  ground.  In  the  case  of  an  acute 
and  trained  observer,  this  minimum  distance  may  be  diminished  to 
fifty  seconds."  It  would  therefore  appear  that,  indejiendcntly  of  the 
limitations  of  tele6C0i)ic   definition   referred   to  by  Mr.  Mallock,  a 
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magnifying  power  of  at  least  sixty  diameters  was  necessary  in  order 
that  two  stars  or  two  overlapping  lines  subtending  an  angle  of  one 
second  might  be  capable  of  being  resolved.  But  careful  tests  made 
by  themselves  at  different  times  and  with  different  observers,  on  the 
accuracy  of  observing  the  alignment  of  two  lines  in  the  manner 
illustrated  in  Fig.  10,  Plate  6,  had  produced  results  which  were 
somewhat  surprising  in  view  of  these  physiological  limitations  of 
visual  power,  and  showed  clearly  that  the  limits  of  resolving 
Twwer  applicable  to  spots  or  overlapping  lines  did  not  at  all  apply 
to  the  method  of  alignment  adopted  in  the  range-finder.  Thus  two 
students,  not  specially  trained  in  scientific  observations,  could  by 
the  naked  eye  distinguish  with  certainty  a  shift  of  l-50th  of  an 
inch  at  a  distance  of  20  feet  when  black  lines  on  a  white  ground 
were  used.   This  represented  a  visual  angle  of  -— _  minute.     Another 

observer  had  been  invariably  correct  in  detecting  shifts  of  -^ —  minute 

3  '6 

with  the  same  marks.  With  white  lines  on  a  black  groimd  the  same 
students  could  detect  shifts  of  less  than  ^  minute.  These  experiments 
had  been  made  by  means  of  cards,  upon  which  were  drawn  vertical 
lines  out  of  correct  alignment,  as  in  Fig.  10  ;  and  the  observer  had 
been  asked  to  say  whether  the  upper  line  was  to  the  right  or  to  the 
left  of  the  lower.  The  authors  had  made  a  number  of  experiments, 
referred  to  in  page  45  of  the  paper,  on  the  accuracy  with  which 
separated  and  overlapping  images  could  be  adjusted  into  alignment 
or  coincidence.  These  experiments  showed  that,  while  overlapping 
images  gave  just  such  results  as  would  be  expected  from  the 
construction  of  the  eye  itself,  separated  images  could  be  aligned 
with  an  accuracy  several  times  as  great.  One  reason  for  this 
had  been  referred  to  by  Professor  Boys  (page  64).  It  would 
be  evident  that  two  images  with  edges  considerably  but  similarly 
blurred  could  be  balanced,  when  separated  as  in  Fig.  10  ;  whereas 
"with  overlapping  images,  as  in  Fig.  25,  Plate  8,  the  blurring 
or  shading  of  the  edges  of  the  two  images  would  merge  into 
each  other,  and  could  not  be  distinguished  from  a  single  blurred 
image.  Over  and  above  the  greater  accuracy,  there  was  a  further 
great  practical  advantage  in  the  separated  images,  namely  that,  when 
&  want  of  alignment  was  observed,  it  was  always  known  instantly 
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which  way  to  move  the  working  heatl ;  whereas  with  overlapping 
images  it  was  not  known  which  image  was  to  the  right  and  which 
to  the  left. 

An  examination  of  the  engraved  scale  of  six  inches  length, 
which  was  exhibited  separately,  would  give  some  further  idea  as  to 
the  delicacy  of  the  instrument.  Between  the  point  which  represented 
infinity,  and  the  other  extremity  of  the  scale  which  represented  the 
minimum  distance  of  250  yards,  there  were  some  four  hundred 
graduations,  and  some  of  them  were  so  close  that  they  could  scarcely 
he  distinguished  at  all  without  a  magnifying  glass.  As  stated  in 
the  paper  (page  37),  the  whole  of  these  graduations  were  vii-tually 
contained  within  an  angle  of  only  one-third  of  a  degree. 

The  President  was  sure  the  members  would  accord  to  Professors 
Barr  and  Stroud  a  hearty  vote  of  thanks  for  their  most  interesting 
and  able  paper. 


Jax.  1896.  .      79 


CALCULATION    OF    HOESE-POWEE 
FOE  MAEINE  PEOPULSION. 


By  Lt.-Coloxel  THOMAS  ENGLISH. 


The  axitlior  desires  to  call  attention  to  a  method  of  calculating, 
from  the  results  of  a  single  sea-trial  of  one  ship,  the  horse-power 
necessary  to  propel  another  ship,  of  the  same  type,  at  any  required 
speed.  By  this  method  it  becomes  practicable,  with  the  ordinary 
appliances  of  a  ship-yard,  to  approximate  closely  to  results  which 
could  otherwise  be  obtained  only  by  the  use  of  the  refined  apparatus 
of  a  model  tank. 

It  is  generally  agreed  that  the  most  accurate  method  at  present 
known  of  estimating  the  resistance  of  a  ship  at  any  particular 
speed  is  that  worked  out  by  the  late  Mr.  William  Froude, 
which  consists  in  separating  the  part  of  the  resistance  due  to 
skin  friction  from  the  part  due  to  wave  and  eddy  making. 
The  skin  friction  varies  with  the  length,  area,  and  nature  of 
the  wetted  surface,  and  with  a  power  of  the  speed  less  than 
the  square,  in  such  a  way  that  it  can  be  readily  tabulated,  whilst 
it  is  practically  independent  of  the  displacement.  The  residuary 
resistance  caused  by  wave  and  eddy  making  cannot  be  so  dealt  with, 
and  at  present  can  be  satisfactorily  ascertained  only  by  trial,  either 
of  an  actual  ship  at  sea,  or  of  a  model  in  a  tank.  When  this  is 
done,  the  residuary  resistance  at  one  other  corresponding  speed  can 
be  calculated  for  any  ship  or  model  of  the  same  sha23e,  but  of  different 
displacement,  according  to  Fronde's  law  of  comparison.  This  law  is 
equivalent  to  the  statement  that,  if  the  speeds  of  a  model  and  of  the 
ship  which  it  represents  are  made  proportional  to  the  sixth  roots 
of  their  respective  displacements,  the  residuary  resistances  at  these 
corresponding  speeds  will  be  proportional  to  the  displacements. 
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Princijile. — The  method  about  to  be  described  is  based  upon  the 
gelf-evident  proposition  that  it  will  always  be  possible  to  make  two 
models  on  such  scales  that,  according  to  Froude's  law,  the  same 
absolute  speed  will  for  one  of  the  models  correspond  with  that  of  a 
ship  which  has  been  tried  at  sea,  and  for  the  other  with  that  desired 
for  a  proposed  ship.  The  actual  resistance  of  the  model  of  the  sliip 
already  tried  at  sea  can  be-  calculated  by  Froude's  method ;  and  if  the 
ratio  of  the  total  resistances  of  the  two  models  at  the  same  speed  is 
foimd  by  trial,  the  actual  resistance  of  the  second  model  will  be 
known.  From  this,  also  by  Froude's  method,  the  resistance  of  the 
proposed  ship  at  the  desired  speed  can  be  calculated.  The  details  of 
the  calculation  are  as  follows.  If  the  total  resistance  of  a  ship  of 
known  displacement  D^  at  any  known  speed  V^  be  ascertained  by 
trial,  and  it  is  desired  to  find  the  total  resistance  of  a  second  ship, 
on  either  the  same  or  different  lines,  of  displacement  D.,  and  at  a 
speed  T^o :  let  models  of  the  two  ships  be  made,  of  displacements  f?^ 
and  fJj  such  that — 

d.,    ~    D., 


m 


and  let  the  following  be  corresponding  quantities  for  the  ships  and 
models : — 


Wave 
Eesisiatice. 

SJdn 
Besistance. 

Displacement. 

Speed. 

TF, 

s. 

■Di 

y. 

W, 

S2 

D. 

T'o 

tPi 

»i 

d. 

^(1)^ 

W2 

«2 

"-?:©'-' 

-'  {§)' 

Also  let  n  be  the  ratio  of  the  total  resistances  of  the  two  models  at 
the  same  speed  ^1(7^-)'' 

Then  Jfi   =    TT'i    x   ^- 

ic,   +  $.,    =    n  (iCi    -h  Si) 

tr.,   =   n   TI'i    X     '  '   +   "•"'i    -   Sj 
■^1 
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and  the  total  resistance  of  the  second  ship  of  displacement  D2  at  the 
speed  T2  ^11  ^6  represented  by  the  following  expression — 

in  which  all  the  terms  are  known,  and  from  which  the  required 
horse-power  can  be  obtained. 

The  four  values  of  skin  resistance — S^,  S2,  s^,  s.2 — must  be 
calculated  from  tables  of  skin  resistance.  The  value  of  the  wave 
resistance  W^  for  the  first  ship  with  displacement  D^  must  be 
deduced  from  the  indicated  horse-power  required  to  propel  her  at 
the  jDarticular  speed   V-^,  using  an  appropriate  co-efficient  for  the 

thrust  horse-power 
'        indicated  horse-power  * 

The  value  of  n,  that  is,  the  ratio  of  the  total  resistances  of  the 
two  models  at  the  same  speed,  is  obtained  by  attaching  the  models 
to  the  two  arms  of  a  horizontal  lever,  and  towing  from  the  fulcrum 

/  (^  \  i 
at  that  speed,  namely  V^  x  I  yr  )'^  5  tl^e  relative  lengths  of  the  lever 

arms  being  adjusted  by  trial,  until  the  models  tow  steadily  abreast. 
As  this  value  of  the  ratio  n  can  be  obtained  without  knowing  the 
actual  resistance  of  each  model,  the  delicate  dynamometrical  apparatus 
which  forms  one  of  the  chief  features  of  a  model  tank  may  be 
dispensed  with,  and  the  final  result  is  arrived  at  by  simple  means. 

Apjparatus. — In  Figs.  3  and  4,  Plate  14,  is  shown  an  apparatus 
which  has  been  found  to  answer  well  for  this  purpose.  It  consists 
of  a  small  electro  motor,  furnished  with  a  resistance  coil,  and 
running  at  from  900  to  1,000  revolutions  per  minute.  At  this 
speed  the  motor  is  adjusted  to  give  off  about  one-sixth  of  a  brake 
horse-power,  or  a  pull  of  about  8*4:  lbs.  through  631  feet  per 
minute  on  an  endless  piano  wire  No.  18  music-wire  gauge  or 
0-036    inch    thick,   stretched    over  two   pulleys   PP,   11}    inches 

H 
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diameter,  on  horizontal  axes  about  350  feet  apart.  One  of  tliese 
pulleys  is  connected  with  the  motor  shaft  by  belting  on  a  pair  of 
driving  pulleys ;  and  the  other  is  arranged  to  stretch  the  wire 
by  means  of  a  weight  W,  until  the  sag  does  not  exceed  three  or 
four  inches.  The  i)ulleys  are  supported  by  staging,  so  that  the 
wire  between  them  is  suspended  horizontally  over  the  surface  of  any 
convenient  sheet  of  water,  such  as  a  partially  filled  dry-dock,  not 
less  than  five  or  six  feet  deep,  as  shown  in  Figs.  1  and  2,  Plate  13. 

The  tomng  frame  is  composed  of  steel  bicycle  tube,  and  consists 
of  two  similar  and  parallel  transverse  levers  LL,  each  60  inches 
between  centres,  pivoted  at  their  ends  to  the  decks  of  the  models  M, 
so  that  the  latter  will  always  be  parallel  to  each  other.     The  levers 
are  graduated  into  1,000  divisions  of  nearly  1-1 6th  inch  each,  and 
are  attached  by  short  collars,  which  can  be  clamped  at  any  required 
graduation,  to  pivots  at  the  ends  of  a  horizontal  bar  B,  which  is  of  the 
same  length,  4  feet,  as  the  distance  between  the  pivots  on  the  deck  of 
each  model.     The  details  of  the  towing  frame  are  shown  in  Figs.  5 
to  14,  Plate  15.     The  bar  B  carries  a  vertical  spindle  S,  Fig.  6,  to 
which  the  lower  wire  is  connected  by  a  ring  R  that  can  travel  up 
and  do^Ti   the    sjjindle,  and  thus   allow   for  the  sag  of   the   wire. 
Vertical  slotted  guides  G  embrace  the  wire  at  both  ends  of  the  bar, 
and  thus  keep  the  bar,  and  therefore  the  models,  in  a  straight  course. 
The  models,  the  larger  of  which  is  about  ten  feet  long,  are  made 
of  yellow  pine,  of  ordinary  ship-yard  workmanship,  and  are  ballasted 
with  lead  to  the  required  draught  and  trim  ;  they  are  well  painted, 
rubbed  down,  and  varnished.     Loose  diagonal  cords  connecting  the 
models  serve  as  stops  to  prevent  them  from  coming  close  together  when 
one  lags  behind  the  other.     The  levers  are  always  clamped  at  the 
same  graduation  on  each  ;  and  this  is  varied  by  trial,  until  the  models 
tow  abreast  at  the  required  speed.     It  is  found  that  a  variation  of 
l-8th  inch,  or  0*002  of  the  total  length  of  the   lever,  produces  a 
sensible  effect  upon  the   result ;    and  that  the   requisite   speed  can 
readily  be  obtained  within  limits  of  ±  0-02  knot  per  hour.     The 
models  are  brought  to  rest  by  disconnecting  the  motor  switch  and 
applying  a  brake,  and  after  a  run  are  towed  astern  to  the  starting 
platform  by  crossing  the  belt  on  the  driving  pulleys. 
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Example. — The  following  example  will  show  the  application  of 
this  method  to  determine  the  horse-power  required  for  a  torpedo 
destroyer  of  300  tons  displacement  and  30  knots  speed,  on  the 
lines  of  H.M.S.  "  Janus "  and  "  Lightning,"  built  by  Palmer's 
Company,  Jarrow,  of  247  tons  displacement  and  27*85  knots  speed 
on  trial. 

The  linear  dimensions  will  be  increased  as  (  -?  j^  or  as  I  ,^-r^  V^ 

as  — r The  corresponding  speed  F^  (— ^  F  of  a  model  of  the 

"Janus"  on  l-20th  scale  will  be  — j—=z  =  6 '23  knots.     The  scale 

V20 

of   a    model   of  the   proposed  ship,  for  which   6  "23   knots   is  the 
corresponding  speed  to  30  knots  for  the  full-sized  ship,  is 

6-23  V  1 


V247y    ""' 


V    30    /    ~ 


23-21 


The  wetted  surface  of  the  "  Janus  "  is  3,796  sq[uare  feet. 

„         „         „        proposed  ship  is        3,796  X  1-067-  =  4,321. 

„         ,,         „         —  scale  model  is       3,796  x       ^r^^    =  9-49. 
^      scale  model  is  4,321  x  ~^^^  =  8-02. 


23-21  23-21- 

Hence  from  tables,  the  skin  resistance — S^  of  the  "  Janus,"  S.^  of  the 
proposed  ship,  S]^  of  the  model  of  the  "  Janus,"  and  So  of  the  model 
of  the  proposed  ship — will  be 

-S'l  =   0-0094  X  3,796   x  27 -SS^'^^  =   15,720        lbs. 

^2  =  0-0094  X  4,321    X  30- 001  «^  ^  20,500 

sy  =  0-01124  X  9-49    X      6-231^^  =            3-15     „ 

s.  =  0-01124  X  8-02   X      6-231^^'  =            2-66     „ 

Indicated  horse-power   of  "  Janus "   at        27-8     knots  =   3,840. 

"Lightning  "at  27 -9         „       =3,990. 
Mean    indicated    horse  -  power  at  27*85      „       =   3,915. 

If  the  co-efficient   .—  -r. — i-^p, be   taken   as  0-6,  the  mean 

indicated  horse-i^ower  ' 

thrust  horse-power  =  2,349. 

H  2 
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Hence    the   wave    resistance    and    the   skin   resistance   of    the: 
"  Janus  "  together  amount  to 

W,  +  S,=   2A49_X  33,00O^xJ0^  27,467  lbs. ; 
^   ^     '  27-85   X   6,080 

and  the  wave  resistance  alone  is 

TT^i   =   27,4G7   -   15,720  =   11,747  lbs. 
It  is  found  on  trial  that  the  ratio  of  the  total  resistances  of  the 

models  is  n  =  '^-       — '^  =0'811.     Hence  the  total  resistance  of  the 
Wi    4-   «i 

proposed  ship  is 

TT^   4-  ^,   =   ^,  +   (-py   X    h\]\   +   ^  {ns,   -  8,)\ 

=  20,500  +  l-077«   X    ;0-811   x   11,747  + 
8,000  (0-811   X   3-15  ~  2-66);- 
=  34,000  lbs. 

m     XI       ,  1  •    34,000  X  6,080  x  30        oiooti-d 

The  thrust  horse-power  is  — — =  3,132  H.P. 

^  33,000  X  60 

The  indicated  horse-power  required  is     '         =  5,220  H.P. 

So  long  as   the  ratio     thrust  horse-po^er     remains  the  same  for 
°  indicated  horse-iDower 

both   ships,  its  assumed  value  may  be  varied  between  wide  limits. 

Variation  in  the  sjieed  of  towing,  or  in  the  condition  of  the  surfaces, 

provided  the   surfaces   are  the  same  for  both  models  or  for  both 

ships,  may  also  take  place  without  materially  affecting  the  result. 

In  Figs.  15  and  16,  Plate  16,  the  method  of  calculation  is  sho^vTi 

in  the  form   of  diagrams,  in  which   abscissa)   represent  speeds   in 

knots,  ordinates   in   Fig.  15   represent  skin   resistances  in  pounds, 

and  ordinates  in  Fig.  16  represent  wave  resistances  in  pounds.     The 

points  indicated  in  the  curves  for  the  "  Janus  "  represent  the  results 

of  a  scries  of  speed  trials  at  approximately  the  same  displacement. 

The   curves   of  resistances  of  models   show  the  results  when  the 

speed  varies  with  the  sixth  root  of  the  displacement,  whilst  the  same 

lines  are  retained  throughout.     If  the  diagrams  were  carried  back 

far  enough  to  show  the  actual  speed  of  6*23  knots,  at  which  the 

models   were   towed,   the    ordinates    representing   their  resistances 

w(HiM    not   be   distinguishable   on   any   reasonable   scale ;   but   the 
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ordinates  at  any  point  within  the  limits  of  the  diagrams  will  equally 
represent  the  resistances  of  an  assumed  pair  of  models,  increased 
in  displacement  as  the  sixth  power  of  the  S|)eed.  In  Fig.  17  the  full 
lines  show  the  wave  resistances  calculated  for  various  displacements, 
•from  the  progressive  speed-trials  of  the  "  Janus."  The  dotted 
curves  AA  and  BB  of  corresponding  resistances  of  models,  passing 
through  the  ends  of  the  "  Janus  "  speed-trial  curves,  show  for  the 
various  displacements  the  limits  of  speed,  beyond  which  in  this  case 
the  method  of  progressive  speed-trials  becomes  inai:)plicable :  for 
example,  at  about  28  •  7  knots  for  300  tons  displacement. 

If  by  means  of  a  tank  experiment  the  total  wave  and  skin 
resistance,  ic^  -f-  •■^u  of  a  floating  body  of  any  convenient  shape  and 
size,  towed  at  a  known  speed  i\,  he  ascertained,  this  resistance  may 
afterwards  be  used  as  a  standard  for  obtaining  by  the  apparatus 
described   the  comparative  resistance  of  a  model  made  to  the  proper 

scale  (  =i  I  of  any  proposed  ship  whose  speed  is  desired  to  be  F2. 
Then  the  wave  resistance  of  the  proposed  ship  will  be 

^^  = ...  X  (^  =  (^y  [« („,  +  .0  -  .4 

and  the  total  resistance  of  the  proposed  ship  will  be 

^'  +  ©'  {"  ^''   "^  ''^   ~  '■'}' 
It  is   obvious    however   that   the   calculation    of    indicated   horse- 
power  from   this   result   is   much   more    dependent   than   it   is  in 
the  method  first  described  upon  the  accurate  estimation  of  the  ratio 

tlirust  horse-powe^     ^^^  ^^  ^^^  ^  ^^^         ^^    ^-^^    ^^^^^    ^^^ 
indicated  horse-power 
ihe  condition  of  the  surfaces. 
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Discussion. 

Mr.  E.  Edmund  Froude  wrote  that  the  method  of  experiment 
proposed  by  the  author  stnick  him  as  a  highly  ingenious  way  of 
obtaining  a  horse-power  estimate  for  a  new  form  of  hull  from  an 
experiment  on  a  model,  without  the  aid  of  very  elaborate  apparatus. 
The  special  advantage  of  the  expedient  of  towing  two  models  from 
opposite  ends  of  the  same  steel-yard,  so  as  to  measure  simply  their 
relative  resistances,  seemed  to  him  to  lie  in  the  circumstance  that 
two  of  the  most  troublesome  elements  of  variation  in  the  measure  of 
resistance  of  an  individual  model  were  approximately  common  to 
both  models,  and  so  scarcely  entered  into  the  measure  obtained. 
These  elements  were  :  first,  the  forces  of  acceleration  or  retardation 
due  to  slight  unevennesses  in  the  speed ;  and  second,  the  variation  of 
mean  resistance  due  to  variation  of  mean  speed.  In  so  far  as  this 
latter  characteristic  was  common  to  all  forms  of  hull,  as  it  was  to  a 
great  extent,  the  measure  of  speed  in  Colonel  English's  method 
needed  less  exactness. 

It  occurred  to  him  that  this  method  of  experimenting  might  be 
made  more  comprehensive  in  result,  by  using,  for  what  might  be 
termed  the  counter-model,  not  a  model  of  an  existing  ship  of  known 
horse-power  at  some  particular  speed,  but  a  model  of  extreme  length 
and  small  cross-section  and  very  fine  lines,  of  which  the  "  residuary 
resistance "  should  be  small  and  capable  of  estimation  with  fair 
accuracy.  This  condition  might  be  easily  fulfilled,  he  thought,  if 
the  speeds  of  experiment  were  no  greater  than  would  be  required  in 
testing  a  model  of  a  large  ship,  such  as  a  fast  war  cruiser  or 
passenger  liner ;  though  it  could  scarcely  be  fulfilled  for  the  higher 
speeds  necessary  in  testing  a  model  of  a  "  destroyer  "  or  a  torpedo- 
boat. 

By  way  of  criticism  of  detail,  he  was  inclined  to  think  that  for 
models  10  feet  long  a  distance  of  only  4  feet  apart  was  scarcely 
suificient  to  ensure  that  the  disturbance  produced  by  the  one  model 
should  in  no  way  afiect  the  resistance  of  the  other. 
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Professor  Archibald  Barb  said  that  one  point  noliced  by 
Mr.  Froude  liad  also  occurred  to  himself,  namely  the  distance  between 
the  two  models  towed  abreast.  He  should  like  to  know  what 
happened  when  the  resistances  of  the  two  models,  as  represented 
by  the  leverages,  were  not  exactly  equal.  It  appeared  to  him  that 
there  would  be  more  or  less  instability  in  the  lever  arrangement,  and 
that  the  models  would  immediately  become  close  together,  unless 
means  were  taken  to  give  some  little  stability  to  the  arrangement,  so 
that  the  lever  should  under  all  circumstances  keep  roughly  at  right 
angles  to  the  pulling  wire.  The  application  of  this  principle  was  of 
much  interest  to  himself,  because  a  number  of  years  ago  he  had 
partially  designed,  or  at  least  suggested,  an  apparatus  upon  the  same 
principle  for  measuring  wind  pressures  on  surfaces  of  different 
forms  and  presented  at  different  angles  to  the  wind. 

Another  question  he  wished  to  ask  was  whether  or  not  there  was 
any  advantage  in  regard  to  the  cost  of  production  of  these  wooden 
models  over  the  models  made  of  wax,  which  had  hitherto  been  used 
for  the  purpose  of  such  experiments. 

Mr.  Leslie  S.  Eobixson  asked  whether  it  was  expected  to  get  a 
speed  of  30  knots  on  the  5,220  horse-power  arrived  at  in  the  paper 
by  the  calculations  derived  from  the  experiments  on  the  models. 
Most  marine  engineers,  he  believed,  were  reckoning  upon  nearly 
6,000  horse-power  as  necessary  for  a  ship  of  300  tons  displacement 
and  30  knots  speed. 

Lt.-Colonel  English  replied  that  the  distance  apart  of  the 
models  was  arranged  after  observation  of  the  waves  caused  by  the 
actual  ship  at  her  trial.  The  waves  were  measured  as  spreading  out 
a  certain  distance  laterally  at  the  stern  of  the  ship,  and  the  models 
"were  adjusted  at  a  corresj)onding  distance  apart,  so  that  throughout  the 
length  of  the  models  the  waves  made  by  either  were  clear  of  the  other 
model.  It  should  be  borne  in  mind  that,  in  Mr.  Froude's  method  of 
towing  a  model  at  a  speed  corresponding  with  that  of  the  ship  from 
"which  the  model  was  made,  a  model  was  thereby  produced  of  the 
act  lal  wave-surface  made  by  the  ship  herself  at  full  speed,  the  waves 


88  MARINE   HOBSE-rOWEE.  Jax.  1896. 

(Lt.-Colonel  English.) 

made  by  the  model  corresponding  in  all  respects  with  those  made  by 
the  ship,  and  spreading  laterally  at  the  same  angles,  so  far  as 
could  be  seen.  It  was  extremely  beautiful  to  see  how  nearly  in  that 
sort  of  experiment  the  model  waves  corresponded  with  the  actual 
waves  produced  by  the  ship.  The  photograph  exhibited  of  the 
"  Janus  "  at  full  speed  showed  what  was  the  general  appearance  of 
the  waves  she  produced  ;  and  the  waves  produced  by  the  model  were 
as  nearly  as  possible  a  true  copy  in  miniature. 

When  the  moments  of  the  resistances  of  the  models  to  towing  were 
uneq[ual,  it  had  not  been  found  in  the  trials  made  that  there  was  any 
difficulty  arising  from  the  models  closing  together.  As  mentioned 
in  the  paper,  loose  diagonal  cords  were  put  to  serve  as  a  stop  for 
preventing  this  ;  these  cords  were  not  shown  in  the  drawings,  but 
it  would  be  readily  understood  that  a  diagonal  cord  from  model  to 
model,  or  from  either  model  to  any  part  of  the  towing  frame,  would 
keep  them  from  coming  too  close  together.  For  the  particular  trial 
recorded  in  the  paper  (pages  83-84)  eleven  runs  had  been  made,  and 
after  the  first  three  the  models  were  almost  exactly  abreast  the  whole 
time.  The  difference  was  extremely  slight ;  sometimes  both  models 
led  in  turn.  When  the  levers  had  been  properly  adjusted,  the  speeds 
of  the  t\\o  models  were  perfectly  equal,  and  the  models  remained 
square  throughout  their  whole  course. 

With  regard  to  the  employment  of  wooden  models  instead  of 
those  made  of  wax,  he  was  afraid  the  ordinary  ship-yard  model- 
maker  would  be  considerably  puzzled  to  make  a  model  in  paraffin. 
That  was  the  only  reason  why  wood  had  been  adopted. 

As  to  the  horse-power  calculated,  he  believed  that  a  ship  built 
as  specified  on  the  lines  of  the  "  Janus,"  with  equal  freedom  from 
vibration,  and  of  300  tons  displacement,  would  certainly  attain 
30  knots  with  the  5,220  indicated  horse-power  calculated  from  the 
experiment. 

In  regard  to  Mr.  Fronde's  remarks  (page  8G),  he  thought  that, 
as  mentioned  in  the  last  paragraph  of  the  paper,  a  difficulty  lay  in 
the  way  of  using  a  counter-model  of  any  shape  which  did  not 
represent   an   existing   ship    of    known    horse-power,   through   the 

thrust  horse-power  , 

uncertainty  in    estimating    the    ratio    j^^Hcated  horse-power     ^^'^     *^® 
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proposed  sMp.  This  uncertainty  was  in  great  measure  avoided 
when  the  counter-model  represented  a  ship  of  known  horse-power  : 

.        thrust  horse-power  ■,■,-,   ^y    n 

for  example,  if  the  ratio  indicated  horse-power  ^^^^    ^^^^^^  ^i  ^^^  ^^^ 

"  Janus,"  and  Co  for  the  proposed  ship,  it  could  easily  be  deduced 

from  the  figures  given  that  the  expression  for  the  indicated  horse- 

5  335  (7—69 
power  of  the  proposed  ship  would  be  — ^ ,     The  result  was 

thus  practically  dependent  only  on  the  proportion  which  C,  bore 
to  0^,  and  not  on  the  actual  value  of  C^.  Hence  for  ships  and 
engines  of  the  same  type,  the  most  probable  errors — such  as 
assuming  too  large  or  too  small  a  value  for  both  C^  and  C.^ — would 
partially  or  entirely  neutralize  each  other. 

The  President  was  sure  the  members  would  desire  to  give 
Lt.-Colonel  English  a  hearty  vote  of  thanks  for  his  interesting 
paper. 


90  Jan.  1896. 
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James  Aberxethy  was  boru  in  Aberdeen  on  12tli  June  1S14.     At 
an  early  age  he   became   an   assistant   to   bis   father,  Mr.   George 
Abernetliy,  who  was  then  resident  engineer  at  the  London  Docks, 
under  Mr.  Henry  Eobinson  Palmer.     In  1839    he  went  to  Goole 
Docks  as  assistant  engineer  to  Mr.  George  Leather  of  Leeds.     From 
there  he  moved  to  the  Aire  and  Calder  Canal ;  and  afterwards  to  the 
North  Midland  Eailway  between  Wakefield  and  Leeds.     In  1840  he 
became  resident  engineer  at  Aberdeen  Harbour,  where  in  one  year 
by  systematic  dredging  he  improved  the  tidal  flow  so  much  that  the 
depth  of  water  on  the  bar  was  increased  from  2  feet  to  5  feet  at  low 
water.     In   1844  at  the   age  of  twenty-nine   he  was   entrusted   as 
engineer-in-chief  with  the  design  and  construction  of  the  Aberdeen 
Docks,   and    from    that    period   he   was   continuously   engaged  in 
connection  with  many  harbours  and  ports  in  the  United  Kingdom 
and  abroad.     Among  a  few  of  such  works,  which  bear  testimony  to 
his  eminence  as  a  hydi'aulic  engineer,  may  be  mentioned  Swansea 
Harbour,  ,  1847   and   1881 ;    Bii-kenhead  Docks,   1851-58 ;    Silloth 
Docks,  1856-59  ;  Newport  Docks,  Monmouthshire,  1856  and  1876  ; 
Falmouth  Harbour  1858-1861  ;  Alexandra  Dock,  Hull,  1881 ;  and 
Bute  Docks,  Cardifi",  1887.     He  was  also  consulting  engineer  to  the 
Manchester   Ship   Canal,    1888-92,   Sir  E.  Leader  Williams  being 
cngineer-in-chief.     In  1854  he  took  an  office  in  Parliament  Street, 
Westminster,  permanently  establishing  himself  in  London  ;  and  in 
1892  he  took  his  two  elder  sons  into  partnership.     He  served  on  the 
Koyal   Commission   for  Metropolitan  Sewage   Discharge   in    1882  ; 
and  again  on  that  for  Ii-ish  Public  Works  in  1886.     From  the  King 
of  the  Belgians  he  received  the  Order  of  Commander  of  Leopold,  in 
recognition  of  his  services  as  a  member  of  a  jury  ajipointed  to  report 
upon  the  construction  of  harbours  on  sandy  coasts.     For  many  years 
he  had  been  a  justice  of  the  peace  for  Kent  and  Middlesex.     The 
last   work   on  which  he  was  engaged  was  that  of  deciiening  and 
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extending  tlie  harbour  of  Fraserburgh  in  Scotland,  with  which  he 
first  became  professionally  connected  in  1856.  His  death  took  place 
at  his  residence  at  Kingsgate  near  Broadstairs  on  11th  March  1896, 
in  his  eighty-second  year.  He  became  a  Member  of  this  Institution 
in  1874  ;  he  joined  the  Institution  of  Civil  Engineers  in  184:4,  and 
became  President  in  1881 ;  and  he  was  also  a  Fellow  of  the  Eoyal 
Society  of  Edinburgh. 

William  Alesaxdee  Adams  was  born  on  26th  August  1821  at 
Quintero,  near  Valparaiso  in  Chili,  whither  his  father  William 
Bridges  Adams,  well  known  as  an  engineer  and  inventor,  had  gone 
for  his  health.  In  1826  they  came  to  London,  where  at  the  age  of 
fifteen  he  commenced  his  practical  education  in  the  carriage  works 
of  his  father  and  uncle  in  Drury  Lane.  His  natural  mechanical 
talent  and  perseverance  were  early  shown  by  his  making  at  the  age 
of  sixteen  a  model  of  an  oscillating-cylinder  engine.  In  1843  the 
Fairfield  Works,  Bow,  were  built  by  his  father  and  uncle,  by  whom 
he  was  taken  into  partnership  in  the  business  of  general  carriage 
builders  for  road  and  railway.  In  1846  he  became  manager  to 
Messrs.  Fox,  Henderson  and  Co.,  London  Works,  Birmingham  ;  and 
in  the  latter  part  of  the  same  year  he  entered  into  partnership  -nith 
Mr.  George  AUcock.  In  1850  the  partnership  was  dissolved,  and 
he  commenced  business  on  his  own  account.  In  that  year  he  read  a 
paper  to  this  Institution  on  railway  carriage  and  wagon  springs 
(Proceedings  1850,  Jan.  page  19,  and  April  page  14)  ;  and  in  October 
of  the  same  year  a  paper  on  railway  carrying  stock,  and  papers  on 
improvements  in  the  construction  of  railway  carrying  stock 
(Proceedings  1851,  Jan.  page  10 ;  and  1852,  page  206).  In  1851  he 
started  the  letting  of  railway  wagons  on  the  purchase-lease  plan.  In 
1853  he  took  a  leading  part  in  forming  the  Midland  Wagon  Works, 
which  were  established  at  Eotherham,  but  eventually  moved  to 
Birmingham.  In  1862  he  joined  as  a  director  in  the  establishment 
of  the  Birmingham  Joint  Stock  Bank.  In  the  next  year  he  and  his 
partner,  Mr.  Heni-y  Griffith,  sold  their  business  to  the  Midland 
Wagon  Co.,  in  which  he  retained  his  seat  on  the  board  of  directors. 
About   that  time  he  became  a  director  of  Muntz's  Metal  Co.     In 
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187c- i  he  travelled  extensively  in  America,  and  introduced  in  the 
United  States  the  purchase-lease  jjlan  of  letting  railway  wagons,  for 
which  purpose  he  formed  the  Union  Rolling  Stock  Co.  Throughout 
his  life  he  was  an  ardent  sportsman ;  he  wrote  a  book  entitled 
"  Twenty-six  years'  reminiscences  of  Scotch  grouse  moors,"  and  a 
pamphlet  on  "  Bores  and  loads  for  sporting  guns  for  British  game 
shooting."  He  was  a  justice  of  the  peace  and  deputy -lieutenant  for 
the  county  of  Hereford,  and  latterly  took  much  interest  in  magisterial 
and  other  county  work.  Having  had  a  slight  paralytic  stroke  about 
four  years  previously,  he  had  been  an  invalid  for  six  months  prior 
to  his  death,  which  took  place  from  general  na  tural  decay  at  his 
residence  at  Gaines  in  Herefordshire,  on  31st  January  1896,  at  the 
age  of  seventy-four,  a  week  before  what  would  have  been  his  golden 
wedding  day.  He  became  a  Member  of  this  Institution  in  1848 ; 
and  in  18G5  an  Associate  of  the  Institution  of  Civil  Engineers. 

Daniel  Kinnear  Claek  was  born  in  Edinburgh  on  17th  July 
1822,  being  the  youngest  of  three  sons  of  Mr.  Daniel  Clark,  a 
merchant  of  that  city.  After  serving  his  apprenticeship  from  1839 
to  184:0  at  the  Phoenix  Iron  Works  of  Messrs.  Thomas  ^Edington 
and  Sons,  Glasgow,  he  became  mechanical  engineering  draughtsman 
to  Mr.  John  Miller  of  Edinburgh,  who  was  chiefly  connected  with 
railway  work.  Here  he  utilized  his  spare  time  for  two  years  as 
assistant  editor  of  a  local  j^ublication  entitled  the  "  Practical 
Mechanic  and  Engineer's  Magazine."  On  leaving  Mr.  Miller's  office 
in  1818  he  entered  the  locomotive  department  of  the  North  British 
Railway  in  Glasgow,  but  removed  to  London  in  1851  to  become 
engineer  to  the  Deep  Sea  Fisheries  Association,  a  post  he  retained 
until  his  return  to  Scotland  in  1853.  In  1852  he  contributed  two 
papers  to  this  Institution  on  the  expansive  working  of  steam  in 
locomotives  (Proceedings  1852,  pages  60,  109),  which  produced  a 
discussion  that  added  greatly  to  the  knowledge  of  the  locomotive. 
In  1853  he  became  locomotive  superintendent  of  the  Great  North  of 
Scotland  Railway  ;  but  as  the  retention  of  this  position  involved  a 
permanent  residence  in  Aberdeen,  ho  resrguod  it  after  a  tenure  of 
about  eighteen  months.     His  first  published  work  of  importance  was 
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"  Railway  Machinery,"  whicli  is  even  now  regarded  as  a  standard 
work  on  railway  rolling  stock.  Originally  published  in  parts  and 
completed  in  1855,  this  book  at  once  established  his  reputation  as  an 
authority  on  locomotive  engines.  In  the  course  of  the  six  years 
occupied  in  its  compilation  he  visited  nearly  all  the  railway  works  in 
England  and  Scotland.  During  his  visits  to  London  in  connection 
with  its  publication,  he  was  brought  into  contact  with  some  of  the 
leading  engineers  of  that  day,  on  whose  advice  he  decided  to 
commence  practice  in  London  as  a  consulting  engiaeer.  In  1855  he 
accordingly  settled  in  the  Adeljjhi,  where  he  continued  to  practice 
for  the  rest  of  his  life.  The  reputation  which  his  "  Railway 
Machinery  "  achieved  in  America  led  to  his  introduction  to  the  late 
Zerah  Colburn  on  the  occasion  of  his  coming  to  England  shortly 
after  its  publication ;  and  their  meeting  resulted  in  the  publication  in 
1860  of  a  supplementary  volume  embracing  the  more  recent  practice 
in  English  and  American  locomotives.  In  1853  he  contributed  to 
the  Institution  of  Civil  Engineers  the  first  of  a  series  of  pajiers  on 
the  "  Experimental  Investigation  of  the  principles  of  the  Boilers 
of  Locomotive  Engines."  Thirty  years  later  these  contributions 
were  supplemented  by  a  paper  on  the  "Behaviour  of  Steam  in 
the  Cylinders  of  Locomotives  during  Expansion,"  In  1862  he 
was  appointed  superintendent  of  the  machinery  department  of  the 
International  Exhibition  held  in  London  ;  and  at  its  close  received 
the  thanks  of  the  Commissioners  of  the  Exhibition  for  the  able 
manner  in  which  his  difficult  and  delicate  duties  had  been  carried 
out.  A  cyclopaedia  of  the  machinery,  written  by  him,  was  published 
in  1864,  entitled  "  The  Exhibited  Machinery  of  1862 ; "  and  a 
paper  on  the  "  Locomotive  Engines  in  the  International  Exhibition 
of  1862 "  was  contributed  to  this  Institution  (Proceedings  1863, 
page  78).  In  1869  and  again  in  1871  he  proceeded  to  Egypt  as 
Sir  John  Fowler's  representative,  to  report  on  the  railways  of  the 
country,  and  to  prepare  plans  for  a  scheme  of  agricultural  irrigation 
and  for  the  construction  of  a  ship  railway  at  the  first  cataract  of  the 
Nile.  Returning  to  London  in  1872  he  devoted  himself  mainly  to 
literary  work,  the  pursuit  of  which  was  well  adapted  to  his  studious 
tastes  and  retiring  disposition.     In  1877  was  published  his  "  Manual 
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of  Eules,  Tables,  and  Data  for  Mechanical  Engineers,"  on  which  he 
had  bestowed  several  years  of  labour  in  order  to  render  it  as  perfect 
and  complete  as  possible ;  it  enjoys  a  high  reputation  as  a  leading 
work  of  reference,  more  especially  among  American  engineers.  In 
1879  appeared  his  book  on  "  Fuel ;  its  Combustion  and  Economy," 
which  may  to  some  extent  be  regarded  as  the  sequel  to  an  invention 
brought  out  in  1857,  having  for  its  object  the  perfect  combustion  of  fuel 
in  furnaces  by  means  of  jets  of  steam  introduced  into  the  fire-box  over 
the  coal ;  this  plan  had  already  been  applied  successfully  to  a  large 
number  of  stationary  and  locomotive  boilers.  In  1880  he  was  appointed 
testing  engineer  to  the  Smoke  Abatement  Committee,  and  in  that 
capacity  carried  out  a  large  number  of  tests  of  fuels  and  of  heating 
and  cooking  apparatus  in  connection  with  the  exhibitions  held  at 
South  Kensington  in  1881  and  1882,  the  results  of  which  were 
embodied  in  a  report  published  in  1883.  His  first  work  on 
"  Tramways ;  their  Construction  and  Working "  was  published  in 
1878,  and  was  followed  by  supplementary  and  enlarged  editions 
in  1882  and  1894.  In  1892  was  published  his  "Mechanical 
Engineer's  Pocket  Book,"  a  comparatively  little  known  but  valuable 
work,  containing  a  vast  amount  of  original  and  useful  information. 
By  far  the  most  important  of  his  later  works  is  "  The  Steam  Engine  : 
a  treatise  on  Steam  Engines  and  Boilers,"  published  in  1892.  It  is 
probably  by  this  exhaustive  treatise  that  he  will  be  best  known  to 
posterity ;  it  may  in  fact  be  regarded  as  the  master-piece  of  a  long 
life  devoted  to  the  interests  of  the  engineering  profession.  His  last 
work,  which  was  placed  in  the  publisher's  hands  only  a  short  time 
before  his  death,  was  an  enlarged  edition  of  his  earlier  work  on 
"  Tunnelling."  The  concluding  years  of  his  life  were  saddened  by 
ill  health  resulting  from  over-work,  which  forbade  all  mental  activity 
except  at  rare  intervals.  His  death  took  place  at  his  residence  in 
Buckingham  Street,  Adelphi,  Loudon,  on  22nd  January  1896,  at 
the  age  of  seventy-three.  He  became  a  Member  of  this  Institution 
in  1854,  and  was  a  Member  of  Council  in  1863-4. 

John  Hayes   was   born   in   Liverpool   in    1863.     Having   been 
educated  at  home  and  in  private  schools,  and  from  1873  to   1877 
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in  the  college  of  St.  Francis  Xavier,  Liverpool,  he  served  an 
apprenticeship  of  five  years  in  the  office  of  Messrs.  W.  P.  Thompson 
and  Co.,  consulting  engineers,  in  Liverpool.  He  was  engaged  by 
them  as  draughtsman  and  assistant,  and  subsequently  as  assistant 
manager  or  managing  clerk.  For  some  time  he  was  occupied  in  the 
preparation  of  working  drawings  for  water  meters  at  the  Eainhill 
gas  and  water  works.  In  1894  he  was  taken  into  partnership,  and 
became  managing  partner  of  the  Birmingham  office  of  the  firm. 
While  in  a  weak  state  of  health  he  wds  accidentally  run  over 
and  killed  in  Birmingham,  on  7th  September  1895,  at  the  age  of 
thirty-two.     He  became  an  Associate  of  this  Institution  in  1894. 

Andrew   Johnston   was  born   at   Stranraer,  Wigtownshire,  and 
received  his  education  there.     He  served  an  apprenticeship  of  five 
years   from  1861  with  Messrs.  W.  and  A.  McOnie,  Glasgow.     In 
1867  he  went  to  China,  and  for  eighteen  months  was  superintending 
the  erection  of  new  machinery  in  Nankin  Arsenal.     From  1869  to 
1875  he  was  employed  as  marine  engineer  on  steamships  trading  on 
the  coast  of  China.     In  1875  he  was  appointed  manager  of  the  West 
Point  Foundry,  Hong  Kong ;  and  later  on  superintendent  engineer  of 
the  Cosmopolitan  Docks,  Hong  Kong.    In  1881  he  superintended  the 
erection  and  fitting  up  of  the  Lee  Yuen  Sugar  Eefinery,  Hong  Kong, 
of  which  he  continued  manager  till  1886.     From  that  year  he  was 
established  as  a  consulting  engineer  in  Hong  Kong,  and  acted  also 
as  Lloyd's  surveyor  at  that  port  for  machinery,  and  latterly  for  ships 
too.     During   1889  he  personally  superintended  the  floating  of  the 
steamer  "  Ardgay,"  which  had  gone  on  shore  when  going  full  speed 
in  the  Gulf  of  Tonquin ;  and  a  severe  typhoon  coming  on  shortly 
afterwards,  the  vessel  had  been  left  practically  high  and  dry  on  a 
sandy  beach.    The  first  attempt  to  get  her  off  was  all  but  successfully 
completed  when  a  storm  came  on,  and  all  the  work  had  practically 
to   be   done  over  again ;  and  it  was  only  after  arduous  and  long- 
continued  efforts  that  the  vessel  was  at  last  got  off  and  towed  to 
Hong   Kong  for   repairs.      Towards   the   end   of  1895   he  was  in 
indifferent  health,  and  in  February  1896  left  for  a  trip  to  America, 
in  hopes  of  benefitting  by  the  change ;  but  he  became  worse  during 
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the  voyage,  and  on  arriving  at  San  Francisco  was  taken  to  tlie 
German  hospital,  -where  he  died  on  27th  March  1896.  He  became  a 
Member  of  this  Institution  in  1891. 

Thomas  Meik  was  bom  on  20th  January  1812  at  Duddingston, 
near  Edinbui-gh.  After  being  educated  at  the  High  School  and 
University  of  Edinburgh,  he  worked  for  two  years  with  a  firm  of 
millwrights  named  Moodie  ;  and  was  then  apprenticed  to  Mr.  John 
Steedman,  engineer  and  contractor,  at  that  time  engaged  in  building 
the  Hutcheson  Bridge  at  Glasgow.  He  next  obtained  an 
engagement  upon  the  ordnance  survey  of  Ireland ;  and  in  1833 
became  assistant  to  Mr.  W.  C.  Mylne,  engineer  to  the  New  Eiver 
Company,  London,  to  which  he  ultimately  became  assistant  engineer. 
In  1845  he  was  appointed  engineer  to  the  Eiver  Wear  Commission, 
Sunderland  ;  and  from  1859,  when  the  Commission  took  over  the 
undertaking  of  the  Sunderland  Dock  Co.,  he  had  charge  of  the 
whole  works  of  the  port  until  1868,  when  he  retired  from  the  service 
of  the  Commissioners,  while  continuing  to  act  as  their  consulting 
engineer.  There  he  carried  out  extensive  works,  including  the 
construction  of  the  Hendon  Dock  with  separate  entrance  from  the 
sea,  new  breakwater,  graving  dock,  grain  warehouses,  coal  staiths, 
swing  bridges,  and  extensive  dredging  operations.  In  1868  he 
started  business  on  his  o^-n  account  in  Sunderland  and  Edinburgh, 
in  partnership  with  Mr.  W.  D.  Nisbet,  with  whom  he  carried  out 
important  works  in  the  north  of  England  and  in  Scotland,  including 
docks  at  Burntisland  and  Ayr,  harbour  works  at  Warkworth  and 
Bly th,  waterworks  at  Bedlington,  fore-shore  protection  at  Bridlington 
Quay,  the  Hylton,  Southwick,  and  Monkwearmouth  Eailway,  and 
other  smaller  works.  After  dissolution  of  this  partnership  in  1875, 
he  was  joined  by  his  two  sons,  with  whom  he  carried  out  further 
works,  including  Boness  Harbour  and  Dock,  Eyemouth  Harbour, 
and  Eyemouth  Branch  Eailway ;  and  the  firm  also  acted  as  consulting 
engineers  to  the  new  dock  at  Silloth  for  the  North  British  Eailway. 
He  was  consulted  by  many  harbour  authorities  in  the  north  of 
England  and  Scotland  ;  and  gave  evidence  before  the  Eoyal 
Commission  upon  Harbours  of  Eefuge  in  1859,  and  again  before  the 
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Fishery  Harbour  Commission  in  1884.  He  was  the  first  to  introduce 
hych'aulic  coal-hoists  into  Scotland,  the  first  of  these  being  set  to 
work  at  Burntisland  in  1875  ;  and  he  considered  no  dock  works 
complete  without  machinery  worked  by  hydraulic  power.  He  retired 
from  business  in  1888,  and  had  hardly  known  what  illness  was 
until  a  few  months  before  his  death,  which  took  place  at  his 
residence  in  Edinburgh  on  22nd  April  1896,  at  the  age  of  eighty- 
four.     He  became  a  Member  of  this  Institution  in  1858. 

John  Sinclair  Pirrie  was  born  in  Belfast  on  3rd  May  1853. 
He  served  his  apprenticeship  from  1869  with  Messrs.  Harlan  d  and 
Wolfi",  Belfast,  and  with  Messrs.  James  Jack,  Eollo  and  Co., 
Liverpool.  On  its  termination  he  was  employed  by  Messrs.  Laird 
Brothers,  Birkenhead ;  and  to  gain  experience  went  to  sea  for 
three  years  as  a  marine  engineer.  In  1876  he  went  to  India  to 
superintend  the  erection  of  compound  surface-condensing  engines 
and  mill-gearing  for  Messrs.  J.  and  E.  Wood  of  Bolton,  at  the  New 
Colaba  Land  and  Mill  Co.'s  works  in  Bombay,  and  remained  there 
for  a  year  and  a  half  as  superintendent  engineer.  Subsequently  for 
twelve  months  he  was  manager  of  the  Byculla  Engine  Works, 
Bombay ;  and  in  1878  became  senior  partner  in  the  firm  of 
Messrs.  Eraser  and  Miller,  Carnac  Iron  Works,  Bombay.  He 
returned  to  England  in  1884,  and  entered  into  partnership  in  the 
firm  of  Timmins  and  Pirrie,  London.  In  1891  he  was  appointed  a 
director  of  the  Austral  Otis  Elevator  and  Engineering  Works,  South 
Melbourne,  Australia.  This  position  he  held  to  the  time  of  his  death, 
which  took  place  in  Melbourne  from  heat  apoplexy  on  28th  January 
1896,  in  his  forty- third  year.  He  became  a  Member  of  this 
Institution  in  1882, 

Marshal  M.  Said,  Pacha,  was  born  at  Eghin  in  Asiatic  Turkey, 
in  1832.  He  was  only  eight  months  old  when  his  father,  S.  Mustafa 
Aga,  died  while  he  was  governor  of  Ismid  in  1833.  In  1847  he 
entered  the  Artillery  and  Civil  Engineering  College  in  Constantinople, 
and  after  completing  his  course  of  instruction  therein  1853  he  passed 
examinations,  and  was  promoted  to  the  rank  of  lieutenant,  remaining 
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in  the  college  as  assistant  teacher.  He  was  considered  by  Professor 
Sang  of  Edinburgh,  then  professor  of  mathematics  in  the  college,  as 
one  of  his  most  intelligent  scholars.  After  being  promoted  to 
the  rank  of  lieutenant-major  in  1854,  he  entered  the  University 
of  Edinburgh,  where  he  studied  for  five  years,  and  passed  well 
in  his  examinations,  acquiring  a  thorough  knowledge  of  English, 
and  of  natural  science  and  mathematics.  Returning  to  Constantinople 
in  January  1859,  he  was  promoted  to  the  rank  of  major  in  August 
1861,  and  became  a  member  of  the  Imperial  naval  staflf.  In 
the  same  month  he  was  sent  to  the  Herakli  coal  mines  for 
(surveying.  In  1863  he  was  sent  to  England  by  the  ministry 
of  artillery,  as  naval  attache  to  the  Ottoman  Embassy  at  the 
time  when  Musurus  Pacha  was  ambassador,  to  inspect  the  artillery 
purchased  for  the  Turkish  government.  Subsequently  he  was 
occupied  with  Mr.  J.  C.  Frank  Lee  in  improving  the  arsenal  at 
Tophane,  in  which  with  the  sanction  of  the  war  office  they  were 
assisted  by  the  late  Mr.  (afterwards  Sir)  John  Anderson  of  Woolwich 
Arsenal.  Meanwhile  he  had  been  promoted  in  1864  to  be  lieutenant- 
colonel  and  in  1865  to  the  rank  of  colonel.  In  1867  he  was 
appointed  a  member  of  the  Council  of  Marine,  and  became  in  186S 
vice-admiral  and  director  of  the  Naval  College,  which  he  raised  to 
the  rank  of  European  colleges  by  the  introduction  of  judicious 
improvements.  Five  years  later  he  became  a  member  of  the 
commission  for  the  construction  of  railways,  under  the  Ministry  ot 
Public  Works ;  and  in  1875  was  appointed  director  of  the  Technical 
Commission  of  the  Ministry  of  Artillery.  In  1876,  on  the  accession 
of  the  present  Sultan,  he  was  promoted  to  the  rank  of  admiral  and 
appointed  adjutant-general  of  the  Imperial  Palace  ;  and  in  the  same 
year  he  became  lieutenant  of  the  Minister  of  Marine,  and  then 
Minister  of  Marine  and  Director  of  the  Military  College.  In  1877 
he  was  promoted  to  the  rank  of  Marshal  of  the  Imperial  Palace ; 
iind  in  1878  was  appointed  Governor-General  of  the  province  of 
Angora  in  Asiatic  Turkey.  After  acting  in  a  similar  capacity  in 
other  districts  he  retired  in  1887.  For  his  services  he  received  the 
Order  of  the  Medjidieh  of  the  first  class,  and  afterwards  the  Order 
of  Imtiaz.     He  was  the  first  native  of  Turkey  to  design  a  locomotive, 
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and  to  give  lessons  in  mechanical  engineering  and  the  higher  branches 
of  mathematics  in  the  Naval  College.  About  a  year  before  his  death 
he  had  an  attack  of  apoplexy,  which  deprived  him  of  the  use  of  his 
left  side  ;  another  attack  on  21st  February  1896  proved  fatal  at  the 
age  of  sixty-four.     He  became  a  Member  of  this  Institution  in  1864. 

Robert  Barlow  Seddon  was  born  on  9th  February  1853  at 
Liverpool,  being  the  second  son  of  Mr.  John  Seddou  of  Wigan 
(Proceedings  1891,  page  476).  After  serving  his  apprenticeship  to 
the  Metropolitan  Eailway  Carriage  and  Wagon  Co.  from  1870  to 
1874,  he  went  to  Wigan  to  become  the  secretary  and  manager  of  the 
Wigan  Wagon  Co.  There  he  was  actively  associated  with  many  of 
the  institutions  and  public  bodies  in  the  district,  being  for  many 
years  a  member  of  the  Ince  local  board.  He  was  also  connected  with 
the  Douglas  Forge,  and  interested  in  other  local  concerns.  His 
death,  resulting  from  a  chill,  took  place  at  Hindley  near  Wigan  on 
20th  October  1895  in  the  forty-third  year  of  his  age.  He  became  a 
Member  of  this  Institution  in  1886. 

Henry  Tipping  was  born  on  11th  May  1839  at  Patricroft  near 
Manchester,  and  served  his  apprenticeship  there  as  an  engineer  in 
the  Bridgewater  Foundry  of  Messrs.  Nasmyth,  Wilson  and  Co.,  for 
whom  he  subsequently  superintended  the  erection  of  machinery  at 
Woolwich  Arsenal  and  other  places.  He  was  afterwards  appointed 
surveyor  to  the  Kirkham  Coal  and  Iron  Works,  near  Preston,  where 
he  served  for  four  years.  For  about  five  years  and  a  half  he  was 
engaged  as  manager  to  Messrs.  Courtney,  Stephens  and  Co., 
Blackball  Place  Iron  Works,  Dublin;  and  for  some  six  years  as 
head  draughtsman  in  H.M.  Dockyard,  Portsmouth.  For  the  last 
fourteen  years  he  was  employed  chiefly  on  his  own  account  as 
consulting  engineer,  and  designed  several  improvements  in 
machinery,  including  a  reversing  gear  to  do  away  with  the  link 
motion  in  steam  engines,  a  slide-valve,  boiler,  &c.  One  of  the 
latest  was  an  electric  arc-lamp,  for  which  he  obtained  a  bronze 
medal  at  the  Crystal  Palace  electrical  exhibition  in  1892.  While 
returuiijg   from   an   exploring  expedition   in   West  Africa,  he  was 
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seized  with  malignant  fever,  contracted  at  Cape  Coast  Castle,  and 
died  near  Sierra  Leone  on  the  voyage  home  on  12th  May  1896  in 
the  fifty-seveuth  year  of  his  age.  He  became  a  Member  of  this 
Institution  in  1886. 

Francis  William  Willcox  was  bom  on  17th  March  1840  in 
Birmingham,  being  the  youngest  son  of  Dr.  Willcox  of  that  town, 
and  was  educated  at  King  Edward's  Grammar  School.  In  1855  he 
was  apprenticed  to  Messrs.  Robert  Napier  and  Sons,  shipbuilders 
and  engineers,  Glasgow,  with  whom  he  remained  seven  years,  during 
the  latter  part  of  which  he  had  charge  of  the  steam  trials  of  the 
vessels  engined  by  the  firm,  and  often  went  to  sea  in  charge  of  the 
machinery.  While  in  Glasgow  he  attended  Professor  Eankine's 
lectures  at  the  University.  He  then  became  assistant  to  Sir  John 
Anderson,  superintendent  of  machinery  in  Woolwich  Arsenal ;  and 
had  charge  of  machinery  at  home  and  at  out  stations,  as  well  as  of 
the  steam  vessels  of  the  war  department.  In  1866  he  went  to 
Messrs.  J.  and  G.  Rennie,  engineers  and  shipbuilders,  London,  as 
managing  draughtsman  and  chief  designer ;  and  went  for  them  to 
Egypt  in  connection  with  the  fitting  of  compound  engines  in  the 
Khedive's  fleet.  In  1870  he  became  manager  and  designer  to 
Messrs.  T.  R.  Oswald  and  Co.,  engineers  and  shipbuilders,  Pallion, 
Sunderland.  In  1872  he  commenced  practice  in  Sunderland  in 
partnership  with  Mr.  Wawn,  as  consulting  and  superintending 
engineers  and  naval  architects;  they  carried  out  work  for  Lloyd's 
underwriters  and  for  numerous  insurance  societies  in  various  parts 
of  the  world,  and  also  had  the  superintendence  of  a  large  fleet  of 
steamers.  He  designed  several  mechanical  devices,  including  a 
steam  and  hydraulic  steering  gear,  ventilators  for  ships'  holds,  and  a 
screw  projieller  ;  these  were  fitted  to  ujiwards  of  six  hundred  vessels 
in  numerous  ports  at  home  and  abroad.  His  death  occurred  at  his 
residence  in  Sunderland  after  four  days'  illness  on  30th  Ai)ril  1896 
at  the  age  of  fifty-six.  He  became  a  Member  of  this  Institution  in 
1885  ;  and  was  also  a  IMember  of  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland,  and  of  the  North-East  Coast  Institution 
of  Engineers  and  Shipbuilders. 
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The  Sprin-g  Meeting  of  the  Institution  was  held  in  the  rooms 
of  the  Institution  of  Civil  Engineers,  London,  on  Wednesday, 
29th  April  1896,  at  Half-past  Seven  o'clock  p.m. ;  E.  Windsou 
EiCHARDs,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  fifty-two  candidates  were  found  to  be  duly 
elected : — 


MEMBERS. 

Baker,  William  Henry, 

G  walior. 

Cook,  Charles,   .... 

London. 

CoTTRELL,  Stephen  Butler, 

Liverpool. 

Dronsfield,  William,  . 

Oldham. 

Drtden,  Thomas, 

Preston. 

Ekin,  Tom  Charles,     . 

London. 

Ferguson,  William  Deeble, 

Belfast. 

HoLMAN,  Frederick, 

Penzance. 

Lane,  Francis  Lawrence,     . 

Leeds. 

Leisse,  George  Charles, 

Leeds. 

McPherson,  Stewart, 

Calcutta. 
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MORLET,  HeIIBERT    WiLI.IAM, 

Price,  James, 
ScRrv'EN,  Charles, 
Thomas,  James  Martix, 
TooNE,  William  Carson, 
Trotter,  Alexander  Pelham, 
Watson,  James  Falshaw, 
Wheeler,  Percy, 
Williamson,  Joseph,     . 


associate  members. 
Barker,  Arthur  Henry, 
Bosley,  Walter  Joseph, 
Cooper,  Thomas, 
Cox,  Edward  Henry,  . 
Davidson,  John  McKenzie,  . 
Galle,  William  Alexandre, 
Gray,  Alexander  Cuthill,  . 
Heath,  Charles  Lewis  Eclair, 
Hill,  Thomas, 

HOLLINGSWORTH,  EdWARD    MaSSEY, 

Johnson,  Thomas  Oliver, 
Jones,  Thomas  Gilbert, 
Lawson,  Harbt  John,  . 
3Ialloch,  William  Farqtthar, 

McCORMACK,  W'lLLIAM    JoHN, 

New,  David  James, 
Patel,  Motibhai  Bhikhabhai, 
Patel,  Eaojibhai  Motibhai, 
Pritchard,  Hugh, 
Eayner,  Harry  Stafford, 
ScANLAN,  Horace  Edward, 
Stobart,  Henry  Gervas, 
Vallint,  Frank  William, 


associate. 


Harvey,  Ji'lius, 


Bradford. 

Cork. 

Leeds. 

Liverpool. 

Warminster. 

Cape  Town. 

Leeds. 

Oldbury. 

Silo  Paulo. 

London. 

Stuke-by-Guildford. 

London. 

New  York. 

Karachi. 

Manchester. 

Glasgow. 

Sheffield. 

Glasgow. 

St.  Helen's,  Lanes. 

Glasgow. 

Huddersfield. 

London. 

Johannesburg. 

London. 

London. 

Bolton. 

Bolton. 

Llanberis. 

London, 

Poole. 

Wolsingham. 

Calcutta. 

London, 
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graduates 
Crow,  Lewis, 
Da  WE,  John  Nanscawen, 
Gordon,  Leslie, 
Hodgson,  George  Henry,     . 
Johnson,  Henry  Howard,     . 
KiTSELL,  Archibald  Edward, 
PiNEL,  Paul  Gustave  Marie, 
SiMPsox,  Norman  De  Lisle, 
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Paisley. 

Glasgow. 

Thames  Ditton. 

Newcastle,  N.S.W, 

Erith. 

London. 

Kouen. 

Derby. 


The  President  announced  that  Members  of  the  Institution  were 
invited  to  take  part  in  a  Mining  and  Geological  Congress  to  be  held 
in  September  in  Budapest,  in  connection  with  the  Hungarian 
Millennial  National  Exhibition. 

The  President  further  announced  that  since  the  last  meeting 
the  purchase  had  now  been  completed  of  the  site  at  Storey's  Gate  for 
the  Institution  House.  Tenders  for  building  the  house  had  been 
received,  of  which,  the  lowest  had  been  acccjited ;  and  a  contract 
would  shortly  be  signed  for  its  erection. 

The  President  then  delivered  his  Inaugural  Address :  after 
which  the  Discussion  was  resumed  ui)on  Mr.  William  H.  Patchell's 
paper,  "  Notes  on  Steam  Superheating,"  which  had  been  read  and 
partly  discussed  at  the  previous  Meeting. 

At  Ten  o'clock  the  Discussion  was  adjourned  to  Friday  evening, 
1st  May.     The  attendance  was  81  Members  and  58  Visitors. 


K    J 
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The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Friday,  1st  May  180G,  at  Half-past  Seven 
o'clock  p.m. ;  E.  "Windsor  Eichards,  Esq.,  President,  in  tlic  chair. 

The     Discussion     upon     Mr.     Patchell's     "Notes    on     Steam 
Superheating "  was   continued   and   concluded ;   and   the   following 
Paper  was  read  and  discussed  : — 
"Steel  Steam-Pipes  and  Fittings,  and    Benardos  Arc  Welding   in 

connection    therewith ; "    by   Mr.    Samuel    MacCarthy,    of 

London. 

On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Engineers  for  their  kindness  iu 
allowing  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  at  a  Quarter  to  Ten  o'clock.  The 
attendance  was  58  Members  and  91  Visitors. 


The  Anniveesart  Dinner  of  the  Institution  was  held  at  The 
Freemasons'  Tavern,  Great  Queen  Street,  Lincoln's  Inn  Fields,  on 
Thursday  evening,  30th  April  189G,  and  was  largely  attended  by  the 
Members  and  their  friends.  The  President  occupied  the  chair :  and 
the  Guest  of  the  evening  was  His  Excellency  the  Honourable  Thomas 
F.  Bayard,  Ambassador  of  the  United  States  of  America.  The 
following  Guests  also  accepted  the  invitations  sent  to  them,  though 
those  marked  with  an  asterisk*  were  unavoidably  prevented  at  the 
last  from  being  present.  Sir  Frederick  A.  Abel,  Bart.,  K.C.B., 
D.C.L.,  F.R.S.,  Honorary  Life  Member  ;  Sir  Kenny  Watson ; 
Professor  W.  Cawthome  Unwin,  F.R.S. ,  Honorary  Life  Member. 

Mr.  Joseph  Xasmith,  President  of  the  Manchester  Association 
of  Engineers ;  Sir  William  Arrol,  LL.D,,  M.P.,  President  of  the 
Institution  of  Engineers  and  Shipbuilders  in  Scotland  ;  Dr.  John 
Ilopkinson,*  F.E.S.,  President  of  the  Institution  of  Electrical 
Engineers ;  Mr.  W.  Lloyd  Wise,  President  of  the  Chartered  Institute 
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of  Patent  Agents ;  Mr.  Thomas  Eichardson,  M.P.,  President  of 
the  Nortli-East  Coast  Institution  of  Engineers  and  Shipbuilders  ; 
Mr.  Archibald  Denny,*  President  of  the  Institution  of  Junior 
Engineers ;  Sir  Edwyn  S.  Dawes,  K.C.M.G.,  President  of  the 
Institute  of  Marine  Engineers. 

Professor  W.  C.  Eoberts-Austen,  C.B.,  F.Pt.S.,  Chemist  to  the 
Eoyal  Mint ;  Professor  D.  E.  Hughes,  E.E.S. ;  Professor  T.  Hudson 
Beare,  F.E.S.E.;  Mr.  Frederic  W.  Burstall;  Lt.-Colonel  Thomas 
English ;  Mr.  William  Gowland* ;  Mr.  Samuel  MacCarthy ;  Mr. 
Hugh  McPhail ;  Mr.  William  H.  Patchell ;  Mr.  Charles  J.  Wilson, 
F.I.C. ;  Mr.  Frank  Wright.* 

Mr.  William  G.  E.  Bousfield ;  Mr.  William  Dunk  ;  Mr.  Harry 
Lee  Millar,*  Treasurer  ;  Mr.  Basil  Slade. 

The  President  was  supported  by  the  following  Ofiicers  of  the 
Institution  : — Past-Presidents,  Dr.  William  Anderson,*  C.B.,  F.E.S. ; 
Sir  Edward  H.  Carbutt,  Bart. ;  Mr.  Jeremiah  Head  ;  and  Professor 
Alexander  B.  W.  Kennedy,*  LL.D.,  F.E.S.  Vice-President,  Mr. 
Edward  P.  Martin.  Members  of  Council,  Mr.  John  A.  F.  Aspinall, 
Mr.  Henry  Davey,*  Mr.  William  Dean,  Mr.  Bryan  Donkin,  Dr.  John 
Hopkinson,*  F.E.S.,  Mr.  Arthur  Keen,*  Mr.  Thomas  Mudd,* 
3Ir.  James  Piatt,  and  Mr.  A.  Tannett  Walker. 

After  the  usual  loyal  toasts,  Sir  E.  Leader  Williams  proposed 
that  of  "  The  Navy  and  the  Army,"  which  was  acknowledged  by 
Lt.-Colonel  Thomas  English.  The  toast  of  "  Our  Guests,"  proposed 
by  the  President,  was  acknowledged  by  His  Excellency  the 
Honourable  Thomas  F.  Bayard,  Ambassador  of  the  United  States 
of  America.  Sir  Frederick  A.  Abel,  Bart.,  K.C.B.,  D.C.L.,  F.E.S., 
proposed  the  toast  of  "  The  Houses  of  Parliament,"  which  was 
acknowledged  by  Sir  William  Arrol,  LL.D.,  M.P.  The  toast  of 
"  Kindred  Societies,"  proposed  by  Mr.  A.  Tannett  Walker,  Member 
of  Council,  was  acknowledged  by  Mr.  Thomas  Eichardson,  M.P., 
President  of  the  North-East  Coast  Institution  of  Engineers  and 
Shipbuilders.  The  concluding  toast  of  "  The  Institution  of 
Mechanical  Engineers  "  was  proposed  by  Professor  W.  C.  Eoberts- 
Austen,  C.B.,  F.E.S,,  and  acknowledged  by  the  President. 
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ADDEESS  BY  THE  PEESIDEXT, 
E.  AVIXDSOR  EICHAEDS,  Esq. 

In  glancing  over  the  many  able  addresses  of  former  Presidents  of 
this  and  cognate  Institutions,  I  observe  that  the  opening  remarks 
often  refer  to  the  difSculty  experienced  in  finding  subjects  to 
discourse  upon.  I  too  must  commence  in  the  same  manner ;  for  I 
confess  I  have  foimd  it  a  most  difficult  task  to  decide  upon  themes, 
which  could  be  either  interesting  or  instructive  to  so  learned  a  body 
of  engineers  and  metallurgists  as  that  forming  the  Institution  of 
Mechanical  Engineers.  Our  Institution  does  not  confine  its  attention 
solely  to  the  construction  of  machinery,  as  our  papers  and 
discussions  show.  We  are  equally  interested,  scientifically, 
practically,  and  cummcrcially,  not  only  in  the  designing  of  every 
description  of  instiillation,  but  also  in  the  Manufacture  itself  of  Iron 
and  Steel :  so  that  probably  I  need  not  use  Avords  of  apology  for 
departing  somewhat  from  the  path  generally  followed  by  Presidents 
when  addressing  the  Institution. 

Much  has  been  persistently  said  and  written  for  some  time  past 
about  the  decadence  of  our  metallurgical  and  engineering  industries  ; 
it  has  been  alleged  that  the  machinery  we  emjjloy  is  neither  so 
economical  nor  so  efficient  as  that  of  late  years  adopted  in  competing 
countries ;  that  our  commerce  has  declined  for  want  of  energy  and 
enterprise  on  our  part ;  and  that  we  are  being  rapidly  outotripped  in 
the  race  for  the  supremacy  which  we  have  so  long  enjoyed.  As  all 
the  Members  are  dcei)ly  concerned  in  this  matter,  and  are  pre- 
eminently those  who  should  remove  these  rcjn'oaches  if  they  are 
found  to  be  merited,  I  thought  I  would  lay  before  you  some  examples 
of  actual  practice,  for  enabling  us  to  judge  to  what  extent  the  charges 
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made  against  us  can  be  justified.     This  subject  having  been  decided 
upon,  it  was  my  intention  at  the  outset  to  describe  the  principal 
features  of  the  machinery  and  plant  in  use  at  home  and  abroad  for 
the  manufacture  of  iron   and   steel,  from  pig-iron  to    the  finished 
l)roducts  of  rails,  plates,  billets,  girders,  and  wire-rods.     But  it  soon 
became  evident  that  with  the  limited  time  at  my  disposal  it  would 
be  impossible  to  do  justice  even  to  the  first  portion,  namely  the 
manufacture  of  pig-iron  :  so  that  on  this  occasion  I  must  confine  my 
observations  almost  exclusively  to  blast-furnace  engineering.     The 
j)rincipal  object  then  of  this  address  is  to  direct  the  attention  of 
metallurgical  engineers  to  Blast-Furnace  Practice  as  it  stands  today, 
with  regard  to  production,  efiiciency  of  appliances,  and  economy  of 
results  obtained ;  and,  where  possible,  to  give  cost  of  labour  per  ton 
of  material  produced  ;  and  so  to  ascertain  the  relative  positions  and 
prospects  in  this  department   of  engineering  metallurgy,  at  Home, 
and  in  America,  Germany,  Luxemburg,  France,  and  Belgium. 

You  are  aware  that  in  the  summer  of  last  year  a  delegation 
organised  through  the  British  Iron  Trade  Association  visited 
Belgium  and  Germany,  with  the  view  of  ascertaining  how  it  was 
that  those  countries  were  able  not  only  to  compete  with  us  in  neutral 
markets,  but  also  to  send  their  products  into  our  own  country.  The 
report  of  the  delegation  has  been  printed  and  published,  and  gives  a 
large  amount  of  interesting  information,  showing  that  the  subjects 
enquired  into  have  received  most  careful  thought  and  attention. 
The  enquiiy  must  have  entailed  great  labour,  much  time  and 
consideration,  and  considerable  tact.  The  members  of  the  delegation 
are  certainly  entitled  to  the  best  thanks  of  all  interested  in 
engineering  and  metallurgical  industries.  The  report  deals  more 
fully  with  the  details  of  the  cost  of  the  labour  of  making  finished 
iron  and  steel  than  ^ith  that  of  making  pig-iron ;  and  directs 
attention  to  the  much  lower  rates  of  wages  ruling  in  those  countries, 
more  especially  in  Belgium,  than  here.  The  conclusions  arrived  at 
are,  that  much  more  care  and  attention  are  given  abroad  than  at  home 
to  details  of  working,  that  the  workmen  are  far  more  industrious, 
and  less  given  to  strikes  than  ours  ;  but  the  main  question  we  have 
to   consider   after   all   is,  what  is  the   total   labour-cost  per  ton  of 
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material  produced,  rather  than  upon  how  low  a  rate  of  wages  a 
continental  workman  can  live,  in  comparison  with  the  rates  ruling 
here.  I  am  always  inclined  to  believe  that,  even  with  the  higher 
rates  paid  to  labour,  the  cost  per  ton  is  not  so  much  more  than  that 
with  the  so-called  cheap  labour.  This  view  would  seem  to  be 
confii-med  by  the  statement  made  by  Mr.  Herbert,  Secretary  to  the 
American  Navy.  He  says  that  the  United  States  can  build  better 
warships  at  a  cheaper  rate  than  any  other  country  except  Great 
Britain,  which  is  in  that  respect  but  slightly  in  the  front ;  aud  he 
adds  that  American  ships  are  however,  tj]}e  for  type,  equal  to  the 
best  in  the  British  Navy.  Now  as  labour  forms  so  large  a  percentage 
of  the  cost  of  building  a  ship,  it  would  seem  that  a  highly  paid 
workman  is  more  efficient  than  a  cheai)ly  j)aid  one. 

Many  conflicting  statements  are  made  as  to  the  extent  to  which 
continental  countries  can  compete  with  xis  now,  or  are  likely  to 
compete  with  us  in  the  near  future ;  and  this  subject  is  of  siich  vital 
importance  to  us  as  to  call  for  an  exceptional  amount  of  attention  at 
our  hands,  for  we  are  naturally  most  desirous  not  to  relinquish  any 
of  oiu'  trade  in  neutral  markets,  and  especially  are  we  anxious  that 
material  from  abroad  should  not  be  sent  into  this  country.  It  is 
necessary  to  bear  in  mind,  when  accusing  ourselves  of  want  of 
enterprise,  that  we  should  make  an  important  and  broadly  marked 
distinction  between  competition  which  is  founded  on  merits — that  is, 
on  the  capacity  of  one  country  to  produce  a  commodity  cheaper  than 
another  by  virtue  of  the  possession  of  cheaper  or  more  effective 
labour,  cheaper  materials,  cheaper  transport,  or  more  modern 
equipment  and  plant — and  competition  which  is  protected  by  tariffs. 
In  the  examples  I  am  about  to  cite,  the  information  has  been 
gathered  by  visits  to  the  several  countries,  aud  inspection  of  the 
various  works ;  but  as  such  descriptions  in  an  address  of  an  hour's 
duration  can  only  bo  briefly  dealt  with,  and  principal  figures  only 
can  be  given,  it  would  be  greatly  to  the  advantage  of  the  Institution 
if  the  members  would  take  up  the  subjects  touched  upon,  and 
contribute  pai)ers  giving  fuller  descriptions,  and  so  by  raising 
discussion  bring  out  results  of  working  which  would  greatly  benefit 
the  industry. 
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British  Productions  and  Blast-Furnaces. — In  the  years  1881-82- 
83,  which  were  years  of  fairly  good  trade,  the  production  of  all 
descriptions  of  pig-iron,  spiegel-eisen,  and  ferro-manganese  in  Great 
Britain  averaged  in  round  figures  8,500,000  tons  per  annum.  In 
1893,  a  year  of  bad  trade  everywhere,  the  production  had  fallen  to 
6,829,841  tons.  In  1894  the  production  had  increased  to  7,361,841 
tons,  obtained  from  323  blast-furnaces,  giving  an  average  of  22,800 
tons  per  furnace.  As  these  results  cannot  be  considered  satisfactory 
when  compared  with  those  of  other  countries,  the  following  figures 
show  in  which  districts  the  outputs  were  lowest.  They  are  given  in 
the  order  of  j^roduction  ;  and  allowance  must  be  made  for  those 
making  cold-blast  iron,  and  using  coal,  and  rich  or  comparatively 
poor  ores. 


District. 


rr  -c  Average 

Ions.  iurnaccs.  e        «^ 

per  turnace. 

Cleveland 2,963,419  87  3i,062 

South  Wales 708,856  22  :-32,220 

West  Cumberland     ....  674,840  20  33,742 

Scotland 655,614  50  13,112 

Lancashire 593,023  20  29,651 

South  Staffordshire  and  Worcestershire  315,924  25  12,637 

Lincolnshire 287,384  13  22,106 

Xottinghamshh-e  and  Leicestershire    .  226,950  14  16.210 

Northamptonshire      ....  212,411  14  15,172 

Derbyshire 210,860  20  10,543 

South  and  West  Yorkshire          .         .  202,255  13  15,558 

Xorth  Staffordshire  ....  195,809  13  15,062 

The  total  production  of  pig-iron  in  1895  was  about  7,900,000  tons. 

To  the  Cleveland  district  more  than  to  any  other  must  be  given 
the  credit  of  having  greatly  imjiroved  blast-furnace  construction  and 
practice  ;  and  it  still  maintains  the  leading  j)osition  in  this  coimtry 
in  the  production  of  all  descriptions  of  iron  and  steel.  For  many 
years  it  was  a  school  which  engineers  of  all  countries  visited  to 
their  benefit.  The  district  is  much  indebted  to  such  men  as 
Vaughan,  Bell,  Gjers,  and  many  others.  It  was  here  that  Cowper's 
fire-brick  stove  was  brought  to  a  practical  success  by  Cochrane,  who 
put  up  the  pioneer  stove  to  heat  the  blast  for  one  tuyere  only.     This 
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stove  was  filled  with  regenerative  bricks,  and  heated  from  below  by 
coal  burnt  on  a  grate,  allowing  the  cold  gases  to  escape  through  a 
chimney  fixed  on  the  toj)  of  the  stove  ;  it  was  not  long  before  the 
bottom  bricks  i)roved  unequal  to  the  support  of  the  bricks  above, 
and  the  result  was  a  collapse,  but  not  before  decided  success  had 
been  attained  in  economy  of  fuel,  due  to  the  increased  temperature  of 
blast  obtained.  Encouraged  by  this  success,  a  pair  of  stoves  was 
etected  sufficient  to  heat  the  blast  for  one  furnace,  and  was  set 
to  work  in  October  18G0.  Subsequently  to  these  applications  of 
fire-brick  stoves,  Whitwcll's  aj^paratus  for  heating  the  blast  was 
adopted  at  Consett,  and  rapidly  extended  to  other  districts,  as  well 
as  to  France,  Belgium  and  Germany,  and  the  United  States.  The 
adoption  of  this  system  of  heating  the  blast  effected  a  saving  of 
about  2^  cwts.  of  coke  per  ton  of  pig-iron,  above  that  obtained  by 
cast-iron  pipe-stoves,  besides  permitting  a  higher  pressure  of  blast 
to  be  used,  and  thus  increasing  the  output  of  the  furnace  ;  indeed 
the  invention  of  fire-brick  stoves  rendered  possible  the  large 
productions  of  today. 

Last  year's  work  of  Messrs.  Cochrane's  three  furnaces,  which 
have  been  fully  described  in  the  Proceedings  of  the  Institution, 
shows  highly  interesting  figures.  With  ironstone  from  the 
Cleveland  mines  they  made  123,594  tons  of  pig-iron  over  the  whole 
of  1895,  being  an  average  of  41,198  tons  per  furnace,  or  at  the  rate 
of  792  tons  per  furnace  i)er  week,  with  an  expenditure  of  21  •  12  cwts. 
of  coke  per  ton  of  iron.  The  average  temperature  of  the  blast  over 
the  twelve  months  was  1,490°  Fahr. 

A  good  and  fair  example  of  the  working  of  a  Cleveland  blast- 
furnace over  the  last  twenty  years,  using  native  ironstone  containing 
raw  an  average  of  29  per  cent,  of  iron  and  calcined  41  per  cent.,  is 
furnished  by  No.  8  furnace  at  Eston,  shown  in  Plate  17,  which  was 
put  into  blast  in  1874  and  blown  out  in  1894,  having  made  from  one 
lining  484,412  tons  of  pig-iron.  During  that  period  the  furnace  was 
damped  down  thirteen  weeks,  in  consequence  of  the  Dui'ham  colliers' 
strike.  The  average  output  per  annum  was  24,000  tons.  Formerly 
cast-iron  pij)es  were  used  for  heating  the  blast,  but  latterly  Cowper 
Btoves.     During  the  last  year  of  its  workiug  it  made  2G,1G8'14  tonfc 
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of  good  grey  iron,  using  26,891  •  IS  tons  of  coke,  being  an  average  of 
500  tons  of  iron  per  week  and  20*55  cwts.  of  coke  per  ton  of  pig. 

Furnaces  erected  at  Eston  in  1877  continue  to  produce  a  little 
under  1,000  tons  of  Bessemer  iron  per  week,  using  50  per  cent.  ores. 
The  best  of  these  furnaces  produced  last  year  50,800  tons  of  iron 
with  18*00  cwts.  of  Durham  coke  per  ton  of  pig.  These 
furnaces  without  any  arrangements  for  cooling  the  boshes  last 
about  five  years,  and  give  about  250,000  tons  of  iron,  and  then 
require  re-lining.  With  present  engine-power  the  above  quantity 
cannot  be  increased;  it  has  therefore  been  decided  to  erect  six 
vertical  direct-acting  high-pressure  engines,  as  there  is  no  water 
available  for  condensing  ;  the  air  cylinders  are  81  inches  diameter 
and  5  feet  stroke.  These  engines  of  exceiitional  strength  are  being 
constructed  by  Messrs.  Tannett  Walker  and  Co.,  Leeds,  and  are  to 
supply  25,000  cubic  feet  of  air  per  minute  at  from  8  to  10  lbs. 
pressui-e  per  square  inch  to  each  of  three  blast-furnaces.  The 
boilers  are  of  the  Lancashire  tyi^e,  30  feet  long,  and  8  feet  diameter, 
with  two  flues  3  ft.  3  ins.  diameter,  having  five  cross  Galloway  tubes, 
and  are  to  work  at  80  lbs.  j)ressure :  so  that  greatly  improved 
results  in  working  are  expected  to  follow  shortly  upon  their 
completion. 

At  Jarrow-on-Tyne  a  blast-furnace  j)lant  was  constructed  with 
all  recent  improvements,  from  which  greatly  improved  results  were 
expected.  As  these  results  were  not  at  first  realised,  it  is  of 
value  to  ascertain  the  causes,  in  order  to  avoid  similar  failiu'C  in 
future.  The  furnace  No.  5,  shown  in  Plate  18,  is  75  feet  high,  bosh 
20  feet  diameter,  having  several  cooling  jdates,  angle  of  bosh  80^, 
hearth  11  feet  diameter,  throat  IG  feet,  bell  11  feet,  capacity  of 
furnace  14,150  cubic  feet,  eight  gun-metal  tuyeres  5^  inches  diameter, 
placed  G  feet  above  the  hearth  level.  Blast  of  3  j  lbs.  pressure  per 
square  inch,  heated  by  foxir  Cowper  stoves,  73  feet  high  and  22  feet 
diameter,  to  a  temperature  of  from  1,400'^  to  1,500°  Fahr.  Durham 
coke  with  8  j)er  cent,  ash  and  1  per  cent,  sulphur,  19^  cwts.  per 
ton  of  Bessemer  pig-iron.  Production  1,000  tons  per  week  from 
Bilbao  and  African  ores  averaging  50  per  cent,  of  iron,  increased  to 
1,100  tons  during  the  last  few  weeks.      Limestone  8  cwts.  per  ton  of 
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pig.  One  pair  of  compound  condensing  vertical  blast-engines,  high- 
pressure  cylinder  54  inches  diameter,  low-pressure  cylinder  72  inches 
diameter,  air  cylinders  100  inches  diameter,  stroke  5  feet,  making 
17  revolutions  per  minute  for  1,000  tons  of  iron  per  week.  From 
?uch  an  installation  as  this  it  would  be  expected  that  a  large 
production  would  be  readily  obtained  at  a  low  cost ;  but  the  furnace 
■worked  with  gi-eat  irregularity,  and  was  continually  hanging  and 
slipping.  Increased  blast-pressures  were  tried,  and  failed  to  produce 
any  improved  results.  The  cause  was  evidently  traceable  to  the 
steep  boshes.  So  unsatisfactory  and  costly  was  the  working  that 
the  furnace  was  blown  out  in  June  1893,  and  the  boshes  were  altered 
to  68°,  as  shown  in  Fig.  3,  Plate  19.  Since  this  alteration  the 
furnace  has  worked  well  and  economically.  The  engineering  portion 
■of  the  whole  plant  is  well  carried  out.  For  a  furnace  having  such  a 
large  reserve  of  blast  and  heating  power,  an  output  of  only  1,100  tons 
per  week  cannot  be  considered  a  good  return  for  the  large  amount 
of  money  expended. 

In  a  paper  read  and  discussed  at  the  Middlesbrough  meeting  of  this 
Institution  in  Aiigust  1893,  our  Past-President,  Mr.  Jeremiah  Head, 
described  a  blast-furnace  of  peculiar  internal  form.  Fig.  5,  Plate  20, 
designed  by  Messrs.  Hawdon  and  Howson  of  Middlesbrough.  On 
visiting  last  month  the  works  of  Sir  Bernhard  Samuelson  and  Co.  in 
■order  to  ascertain  what  success  this  new  foi-m  of  furnace  had  attained, 
I  found  there  are  five  now  in  operation,  giving  such  satisfactory  results 
tliat  a  sixth  is  being  prepared.  Two  of  the  furnaces  were  making 
•Cleveland  iron,  and  three  hematite.  No.  5  furnace  with  18  feet 
bosh,  G5  angle,  11  feet  hearth,  8-4  feet  high,  had  made  during  the 
previous  ten  weeks,  with  Eubio  ore  containing  50  per  cent,  of  iron,  an 
average  of  1,053  tons  per  week  of  good  grey  Bessemer  iron  with  a 
consumption  of  18*1  cwts.  of  coke  per  ton  of  iron,  the  coke 
•containing  10  per  cent,  of  ash.  The  blast  is  supplied  by  ordinary 
vertical  coiupound  condensing  quick-running  engines  at  about  4.\  lbs. 
pressure  per  square  inch,  and  is  heated  by  Cowper  stoves  to  1,400^ 
or  1,500°  Fahr.  By  increasing  the  volume  and  maintaining  the 
heat  of  the  blast,  Mr.  Hawdon  expects  shortly  to  attain  1,200  tons 
per  week. 
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The  Dowlais  Cardiff  new  blast-furnace  plant  is  remarkable  for 
efficient  and  economical  working.  Tbe  two  furnaces,  shown  in  Fig.  4,. 
Plate  19,  have  20  feet  boshes,  10  feet  hearths,  and  are  75  feet  high ; 
and  from  Bilbao  ores  containing  50  per  cent,  of  iron  each  furnace 
produces  1,250  tons  per  week  of  good  grey  Bessemer  iron  with  a 
little  over  19  cwts.  of  coke  per  ton.  The  production  can  be  readily 
increased. 

From  the  foregoing  statements  and  descriptions,  which  can  be- 
compared  later  with  the  figures  obtained  in  other  countries,  it  will  be 
seen  that  present  British  practice  with  ores  containing  50  per  cent,  of 
iron  averages  1,000  tons  of  pig  per  week,  with  a  strong  tendency  to 
increase.  The  coke  consumption  varies  from  18^  to  20  cwts.  per 
ton  of  pig.  Labour  cost,  including  everything  in  connection  with 
the  blast-furnaces,  from  unloading  the  ores  to  loading  up  the  pig- 
iron,  but  excluding  establishment  charges,  is  as  low  in  one  instance 
as  24f/.  per  ton  of  pig,  rising  to  SOd.  for  hematite  iron,  and  to  SQd, 
for  Cleveland  iron. 

Having  described  a  sufficient  number  of  works  to  give  a  fairly 
adequate  idea  of  the  state  of  blast-furnace  practice  at  home,  I  now 
pass  on  to  the  consideration  of  the  American  pig-iron  industry. 

American  Blast-Furnaces. — Taking  the  same  j)eriods  as  beforo- 
namely  the  three  years  1881-82-83,  we  find  the  average  production 
of  all  descriptions  of  pig-iron  for  each  of  these  years  was  4,500,000 
tons ;  and  it  has  since  increased  by  leaps  and  bounds,  till  in  1895 
the  enormous  production  was  reached  of  9,446,308  gross  tons ;  the 
previous  year  being  one  of  bad  trade,  the  output  was  6,657,388 
gross  tons.  In  the  month  of  March  of  the  jn'esent  year  1896  there  were 
208  furnaces  in  operation,  giving  an  average  output  of  48,000  tons  per 
furnace  per  annum  :  so  that  it  is  probable  the  total  production  of  the 
jiresent  year  will  reach  ten  million  tons.  The  average  production  is 
not  of  much  value,  as  in  the  above  number  there  are  twenty  charcoal 
furnaces  in  operation.  American  blast-furnace  practice  is  by  far  the 
most  interesting  and  instructive  of  all ;  it  is  receiving  the  most 
careful  study  of  continental  engineers,  and  merits  our  best 
consideration. 
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At  South  Chicago  and  at  many  other  works  there  are  furnaces 
iloing  really  marvellous  work.  A  tyjie  of  furnace  which  has  worked 
most  satisfactorily  and  economically  at  the  Edgar  Thomson  Works, 
Plate  21,  is  91  feet  high,  20  feet  bosh,  having  an  angle  of  75',  throat 
16  feet  diameter,  crucible  13  feet  diameter,  eight  tuyeres  placed  8  ft. 
0  ins.  above  the  level  of  the  hearth,  projecting  G  inches  inside  the 
lining,  and  having  nozzles  8  inches  diameter  ;  Cowj)er  fire-brick 
stoves  heating  the  blast  to  about  1,200°  Fahr.  Each  furnace  is 
Wown  by  two  single  vertical  blast-engines,  having  steam  cylinders 
40  inches  diameter,  and  air  cylinders  84  inches  diameter,  together 
supplying  about  2G,000  cubic  feet  of  air  per  minute  at  10  lbs. 
l)ressui-e.  This  furnace  produces  the  extraordinary  quantity  of 
11,000  tons  of  Bessemer  pig-iron  per  month,  when  using  Lake  ores 
containing  62  per  cent,  of  iron.  On  many  days  of  24  hours  the 
output  exceeds  400  tons,  using  the  very  small  quantity  of  1,790  lbs. 
of  Conuellsvillc  coke  to  2,240  lbs.  of  iron,  the  coke  containing  1 1  to 
12  per  cent,  of  ash. 

The  desirability  and  economy  of  these  large  productions  of  iron 
are  questioned  l)y  many  engineers  and  managers,  owing  to  the 
hitherto  great  wear  and  tear  and  speedy  destruction  of  the  brickwork 
forming  the  lining  of  the  furnace.  But  these  objections  have  latterly 
heen  to  a  great  extent  surmounted,  and  are  now  best  answered  by 
the  results  obtained  from  furnace  I  at  the  Edgar  Thomson  Works. 
This  furnace  has  been  in  blast  for  more  than  five  years,  and  has 
made  over  650,000  tons  of  iron,  witli  an  average  coke  consumption, 
including  all  stoppages  through  strikes  and  other  causes,  of  1,889 
lbs.  per  2,240  lbs.  of  iron. 

Special  means  of  preserving  the  bosh  lines  of  the  furnaces  arc 
adopted,  and  are  highly  effective  ;  indeed  the  success  attained  is  due 
in  a  great  measure  to  this  plan,  which  greatly  prolongs  the  life  of 
the  furnace.  Cooling  plates  or  flat  water-boxes  are  placed  in  rows 
about  2  feet  apart,  from  the  top  of  tlie  tuyeres  up  to  the  height  of  tho 
toj)  of  the  boshes  ;  they  arc  made  of  gun-metal,  about  5  feet  long, 
shaped  to  the  curves  of  tlie  furnace,  and  placed  about  6  inches  away 
from  the  inside  line  of  the  bosh ;  they  are  about  4  inches  wide  by 
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3  inches  thick,  and  have  water  running  continuously  through.  The 
two  rows  above  the  tuyeres,  and  the  second  and  third  above  these,  are 
connected  together  to  save  water ;  and  above  them  three  rows  of 
plates  are  connected  together.  Before  being  put  into  position  the 
cooling  plates  are  tested  by  hydraiilic  pressure.  Should  a  plate  leak 
at  any  time  during  working,  it  can  be  readily  withdrawn  and  another 
substituted.  The  crucible  below  the  tuyeres  is  kept  cool  by  a  strong 
cast-iron  plate  surrounding  the  furnace ;  a  coil  of  1^-inch  pipe  is  cast 
therein,  which  serves  for  the  circulation  of  water. 

Another  bold  change  has  been  made  in  the  size  of  the  bricks 
used  in  the  construction  of  the  furnace.  Formerly,  and  as  is  the 
practice  now  in  other  countries,  a  huge  lump  of  clay  was  used, 
sometimes  as  large  as  30  inches  long,  15  inches  wide,  and  6  inches 
thick.  Such  a  mass  it  was  almost  impossible  to  bake  thoroughly  to 
the  core.  Of  late  years  we  have  reduced  this  thickness  to  3  inches 
with  improved  results ;  but  the  sizes  now  used  in  America  have  been 
reduced  to  13^  inches  long  by  3  inches  thick,  and  9  inches  by 
3  inches  to  break  joints,  the  whole  3  feet  thickness  of  the  furnace 
walls  being  made  up  of  two  13^-inch  and  one  9-inch  brick. 

In  order  to  obtain  a  large  output  with  economical  results, 
American  practice  adopts  a  large  hearth  and  a  comparatively  small 
diameter  of  bosh  ;  the  latter  gives  as  much  iron  as  the  larger  bosh, 
and  uses  less  fuel  per  ton  of  iron  by  reason  of  the  gases  being 
distributed  equally  and  rapidly  over  all  the  ore,  and  not  working  in 
channels  as  with  a  larger  bosh.  The  quantity  of  iron  produced 
depends  on  the  power  of  the  furnace  to  burn  fuel,  and  in  order  to 
do  this  a  large  hearth  is  necessary,  together  with  a  large  volume  of 
high-pressure  blast ;  when  these  arc  j)rovided,  the  narrower  the 
bosh  the  more  oxygen  is  removed  from  the  ores  by  the  gases  and 
less  by  solid  carbon ;  hence  lower  fuel  consumption. 

My  own  practice  goes  to  prove  that  a  furnace  rapidly  driven 
works  with  greater  regularity  and  gives  a  more  even  quality  of  iron, 
lower  in  silicon,  than  a  furnace  slowly  driven.  However  much  some 
may  disagree  with  fast  driving,  every  furnace  manager  in  Europe 
whom  I  have  seen  for  the  purpose  of  this  inquiry,  whilst  professing 
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to  be  satisfied  with  tlie  output  lie  had  already  attained,  was  at  the 
same  time  making  some  addition  or  alteration,  whereby  he  expected 
to  obtain  increased  production  and  diminished  cost. 

Mr.  Carnegie  is  so  satisfied  with  the  great  economy  of  the 
results  he  has  already  obtained  that  he  is  constructing  four  more 
furnaces,  Plate  22,  and  in  a  few  weeks  will  have  two  of  them  in 
operation  at  his  Duquesne  Works  near  Pittsburg.  The  results  of 
the  working  of  these  furnaces  will  be  eagerly  watched  by  all 
European  and  American  engineers.  The  following  are  the  leading 
particulars  of  this  installation,  which  is  to  cost  about  £600,000. 
Height  of  furnace  100  feet,  bosh  22  feet  diameter,  angle  of 
bosh  74",  crucible  1-4^  feet  diameter,  throat  17  feet,  bell  12^  feet,  ten 
tuyeres  8  inches  diameter,  placed  9  ft.  8  ins.  above  the  level  of  the 
hearth.  There  are  to  be  five  paii's  of  blast  engines,  of  vertical 
compoxmd  condensing  beam  tyjies.  Plates  25  to  29,  having  high- 
pressure  cylinder  4.0  inches  diameter  and  low-pressure  cylinder 
78  inches  diameter,  two  air-cylinders  76  inches  diameter  and  5  feet 
stroke ;  the  ordinary  speed  is  to  be  40  revolutions  per  minute,  at 
which  speed  each  pair  of  engines  will  deliver  25,000  cubic  feet  of 
air  per  minute  at  from  16  to  18  lbs.  pressure  per  square  inch  ;  the 
maximum  speed  will  be  50  revolutions,  and  maximum  pressure  of 
ail"  25  lbs.  A  production  of  500  tons  in  24  hours  is  expected  from 
each  furnace,  being  at  the  rate  of  180,000  tons  per  annum  ;  and  if  the 
lining  endures  only  four  years  of  such  work,  the  satisfactory  quantity 
of  700,000  tons  will  be  obtained,  a  quantity  which  an  English 
furnace  would  require  fourteen  years  to  produce.  There  arc  twenty- 
four  Babcock  and  Wilcox  250-H.P.  boilers,  with  two  steam  drums 
for  each  boiler,  36  inches  diameter  and  23;^  feet  long,  and  126  tubes 
4  inches  diameter  and  18  feet  long  ;  the  tubes  are  arranged  in 
fourteen  sections  per  boiler,  nine  tubes  in  each  section.  Each  furnace 
has  four  Cowper-Kennedy  stoves  with  central  combustion  chamber, 
height  96  feet,  diameter  21  feet.  Every  appliance  for  saving  labour, 
and  every  improvement  which  tlieir  great  exi)crience  has  shown,  will 
be  adopted.  Whilst  generally  in  America  the  whole  labour-cost 
l)cr  ton  of  Bessemer  pig-iron  is  from  80  cents  to  one  dollar,  it  is 
reported  that  this  new  plant  will  reduce  the  cost  nearly  one-half. 
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One  more  example  of  the  working  of  an  American  smaller  plant. 
Furnace  77  feet  high,  bosh  19  feet  diameter,  crucible  11  feet,  six 
tuyeres  6  inches  diameter,  four  Massicks  and  Crookes  stoves. 
Production  last  year  81,780  tons,  or  220  tons  per  day,  of  Bessemer 
pig-iron  from  Lake  ores.  Ore  3,94:0  lbs.  j)er  ton  of  iron,  coke 
U,060  lbs.,  limestone  780  lbs.     Total  labour-cost  1  •  05  dollar. 

Germany  and  Luxemburg  come  next  in  production.  The  average 
of  the  three  years  1881-82-83  was  3,254,844  metric  tons  of  all 
descriptions  of  pig-iron  ;  and  the  output  increased  each  year,  till  in 
1894  it  amounted  to  5,345,632  tons  and  in  1895  to  5,431,007  tons, 
being  an  average  of  about  28,000  tons  per  coke  furnace  per  annum 
in  the  Dortmund  and  Bonn  districts.  Stimulated  by  the  adoption  of 
a  protective  tariff  and  by  the  invention  of  the  dephosphorization 
process  of  steel  making,  Germany  rapidly  developed  all  her 
industries,  and  enjoys  great  and  increasing  j)rosj)erity.  Luxemburg 
contributes  a  large  quantity  of  pig-iron  to  German  steel  works, 
besides  supplying  important  quantities  of  Minette  ironstone. 

At  Esch  in  the  Grand  Duchy  of  Luxemburg  there  are  four 
blast-furnaces  in  operation,  making  together  about  800  tons  of 
basic  pig-iron  per  day,  which  is  sent  by  railway  120  to  150  miles 
to  Westphalia  at  the  low  carriage-rate  of  10  francs  per  ton.  This 
blast-furnace  plant  of  the  Societe  de  Luxembourgeois  is  considered 
the  most  important  in  that  region.  For  the  last  month  the  furnaces 
made  their  largest  average  of  202  tons  per  day,  using  Westphalian 
coke  containing  about  8  per  cent,  of  ash,  and  Minette  ironstone,  the 
best  in  that  district,  with  Greek  manganiferous  ore  to  reduce 
sulphur,  and  additions  of  basic  slag  to  give  phosphorus  up  to 
2  •  2  per  cent.  A  new  furnace  is  being  constructed,  and  will  be  put 
into  operation  this  autumn ;  the  height  is  82  feet,  bosh  23  feet 
diameter,  angle  73^,  hearth  llj  feet,  throat  15  feet.  There  is 
much  dust  in  the  furnaces,  and  it  is  supposed  to  lie  on  the  boshes, 
forming  a  protection  to  the  brickwork,  and  so  water  cooling-jjlates 
are  said  to  be  of  no  practical  advantage.  In  order  as  much  as 
possible  to  prevent  the  dust  from  passing  into  the  stoves,  there  are 
six  tubes  8  ft.  2  ins.  diameter  and  66  feet  high,  resting  in  a  pan 
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of  water ;  the  dust  jmssing  alternately  down  and  up  these  tubes 
has  time  to  deposit  itself  in  the  water,  and  is  scraped  out  without 
stopping  the  blast.  Five  Cowper  stoves,  83  feet  high  and  23  feet 
diameter,  heat  the  blast  to  900'  C.  or  1,650^  Fahr. ;  there  are  seven 
tuyeres  of  7  inches  diameter.  For  these  high  stoves  a  powerful 
draught  is  absolutely  necessary.  The  chimney  is  270  feet  high  and 
Hi  feet  diameter  at  the  outlet.  A  horizontal  compound  condensing 
engine,  making  24  strokes  per  minute,  supplies  22,000  cubic  feet  of 
air  at  7  lbs.  pressure  per  square  inch,  with  steam  at  65  atmospheres ; 
high-pressure  cylinder  52  inches  diameter,  low-pressure  78  inches, 
air  cylinders  100  inches  diameter,  stroke  5  feet  3  inches.  They  have 
never  succeeded  in  getting  these  cylinders  to  work  without  cooling 
them  with  water.  For  the  new  furnace  a  vertical  compound 
condensing  engine  is  being  constructed  at  Bayenthal. 

At  Uckange  in  Lorraine,  on  the  Moselle,  there  is  a  smaller  and 
well  arranged  new  plant  of  three  furnaces,  two  in  operation,  each 
making  about  123  tons  per  day.  The  furnaces  use  Minette  ironstone 
containing  from  33  to  34  per  cent,  of  iron,  obtained  from  their  mines 
about  two  miles  distant.  A  new  furnace  in  course  of  construction 
and  nearly  completed  is  65  feet  high,  bosh  19^  feet  diameter,  hearth 
9  feet  9  inches.  Four  tuyeres  of  7  inches  diameter.  Four  Cowper 
stoves  62  feet  high,  21^^  feet  diameter.  Directly  after  leaving  the 
furnace  the  gas  is  conveyed  to  a  receiver  of  large  diameter,  the 
bottom  part  of  which  is  tapered  to  receive  a  valve  easily  opened  for 
discharging  the  dust  thus  collected.  The  gas  is  further  passed 
through  ascending  and  descending  wrought-iron  tubes  of  considerable 
height  and  diameter,  and  by  lowering  its  speed  gives  time  for  more 
dust  to  become  deposited  on  the  surface  of  the  water  receptacle 
below ;  the  mud  thus  obtained  can  then  be  easily  scraped  out.  By 
these  means  a  large  proportion  of  the  dust  is  prevented  from  entering 
the  stoves  and  boilers.  There  arc  three  vertical  compound  blast- 
engines. 

At  Euhrort  I  found  the  largest  German  production  ;  the  output 
at  two  furnaces  for  the  thirty-one  days  of  last  month  (March)  was 
16,800  tons  from  ores  averaging  40  per  cent,  of  iron.  The  furnace 
was  Kaid  to  Ix;  88  feet  high,  but  the  useful  height  would  probably  h-'. 
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nearer  80  feet.  Bosh  21^  feet  diameter,  angle  63^,  protected  by 
several  water-blocks ;  heartb  12^  feet  diameter.  Eight  tuyeres  of 
7  inches  diameter ;  nozzle  pipes  red-hot  by  daylight ;  pressure  of 
blast  f  atmosphere.  Four  Cowj)er  stoves  98  feet  high  and  26  feet 
diameter.  The  furnace  was  lined  with  carbon  bricks  up  to  the 
boshes  only ;  the  bricks  are  thus  kept  well  below  the  region  of 
carbonic-acid  gas,  and  so  far  are  doing  well,  A  Bayenthal 
compound  condensing  vertical  blast-engine  running  at  45  revolutions 
per  minute  drove  one  blast-furnace.  It  was  said  that  this  engine 
could  run  well  at  60  revolutions  per  minute ;  but  with  the  complicated 
cut-off  gear  such  a  speed  would  soon  necessitate  considerable  repairs. 
The  air  cylinders  were  78  inches  diameter  with  6  feet  stroke. 

Another  set  of  eight  blast-furnaces  in  that  district — seven  in 
blast  producing  together  25,000  tons  per  month  of  basic,  foundry-pig, 
and  ferro-manganese  containing  up  to  80  per  cent,  of  manganese — 
whilst  working  fairly  well,  offered  nothing  specially  favourable  to 
record,  except  that,  being  fully  alive  to  keep  to  the  front,  they  have 
just  erected  and  nearly  completed  the  first  of  eight  pairs  of  horizontal 
compound  condensing  blast-engines,  having  air  cylinders  80  inches 
diameter  and  5  feet  stroke  ;  and  whilst  the  manager  expressed  himself 
satisfied  that  150  tons  per  day  of  basic  iron  is  ample  for  a  furnace, 
he  is  providing  sufficient  blast -power  to  give  200  tons.  The 
Minette  ironstone  from  Luxemburg  costs  3s.  6d.  per  ton,  and  carriage 
6s.  6d.  This  is  mixed  with  Swedish  Grangesberg  ore,  containing 
60  per  cent,  of  iron  and  1  per  cent,  of  phosphorus,  costing  15s.  6d. 
f.o.b.  at  Ruhrort ;  and  with  puddlers'  tap-cinder  from  England.  The 
basic  pig-iron  so  produced,  containing  0  •  5  per  cent,  of  silicon  and 
2  per  cent,  of  phosphorus,  is  conveyed  to  a  120-ton  mixer,  where  the 
sulphur  is  reduced  to  a  very  low  percentage  by  the  addition  of 
manganese.  The  Avhole  of  the  18,000  tons  of  steel  produced  monthly 
at  these  works  is  made  by  the  dephosphorization  process ;  indeed 
very  little  acid  steel  is  now  made  in  Germany,  the  former  being 
preferred. 

At  Mr.  Friedrich  Kruj)p's  works  at  Essen  both  acid  and  basic 
steels  are  made  ;  but  Mr.  Asthower  informed  me  the  best  steel  made 
in  their  large  crucible  shed  is  manufactured  from  puddled  iron — a 

L  2 


120  PUESIDENt's  address.  April  1890. 

somewhat  despised  material  today — wliicli  is  selected  and  cut  up 
in  suitable  pieces  for  the  crucibles.  In  tliis  large  casting-bouse 
they  make  four  casts  of  crucible  steel  every  day  of  24  bours. 
Crucible  castings  up  to  80  tons  are  made  from  twenty-three 
Siemens  above-ground  furnaces,  which  hold  100  crucibles 
containing  50  kilos  each.  All  the  castings  of  varying  weights 
that  I  examined  looked  perfectly  solid  and  free  from  blow-holes. 
AH  rails,  plates,  and  girders  are  made  by  the  dephosphorizing 
process,  either  Bessemer  or  Siemens.  The  shop  containing  the 
forging  presses,  plate-rolling  mill,  &c.,  is  a  magnificent  structure. 
The  plate  mill  has  forged  steel  rolls,  4  feet  diameter  and  13  feet 
long,  driven  by  a  pair  of  horizontal  reversing  engines  geared  2^  to  1, 
the  rolls  making  about  32  revolutions  per  minute.  I  saw  a  deck- 
plate  rolled  from  an  ingot  20  inches  thick,  and  reduced  to  2  inches 
in  twelve  minutes.  Some  plates  for  boilers  lying  on  the  floor, 
12  tons  weight,  measured  45^  feet  long,  11^  feet  wide,  and  1^^  inch 
thick,  made  to  form  the  complete  circle  of  a  boiler.  An  ingot  mould 
to  receive  an  80-ton  charge  measured  11^  feet  by  36  inches  by  13 
feet  deep.  Mr.  Krupp  owns  twelve  blast-furnaces,  and  will  commence 
building  at  Eheinhausen  eight  of  modern  type,  each  to  make  180 
tons  per  day ;  three  are  to  be  at  work  this  year.  The  blowing 
•engines  are  to  be  of  the  same  pattern  as  those  at  work  at  Micheville 
in  France,  described  later  on. 

My  friend,  Mr.  Consul  Hoesch,  is  building  some  blast-furnaces  at 
his  steel  works  near  Dortmund,  Plate  24.  My  powers  of  description 
will  give  only  an  inadequate  idea  of  the  magnificence  of  this 
installation.  The  works  are  laid  out  for  four  furnaces,  two  of  which, 
commenced  last  July,  are  erected,  and  will  be  in  operation  this  summer. 
The  coal  for  coke-making  is  washed  and  crushed,  and  stocked  in 
capacious  bunkers,  placed  sufficiently  high  for  it  to  flow  into  small 
wagons  with  bottom  doors  for  charging  through  apertures  in  the  tops 
of  the  ovens.  Tbe  Coppee  coke  ovens,  with  some  improvements  by 
Dr.  Otto,  are  arranged  at  one  end  of  the  works  in  two  groups  of  fifty 
each.  The  by-products,  consisting  of  sulphate  of  ammonia,  oils,  and 
pitch,  are  obtained  ;  and  the  cleaned  gases  are  utilised  for  heating 
the  walls  of  the  ovens  and  raising  steam.     Each  oven  produces  4  toua 
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of  dense  coke  per  24  hours,  at  a  cost  of  about  10.*.  per  ton.  The  coke 
is  conveyed  by  overhead  railway  to  the  blast-furnaces.  The  ores  are 
stocked  in  exceptionally  large  and  numerous  bunkers,  each  230  feet 
long  and  33  feet  deep,  entailing  a  heavy  first  outlay,  because  the 
Swedish  ore  can  be  obtained  from  the  Lulea  region  during  five 
months  only  of  the  year,  owing  to  the  mines  being  frozen  up  during 
the  rest  of  the  year.  This  ore  is  estimated  to  cost  about  17s.  per 
ton  at  the  works.  The  two  furnaces,  Plate  23,  are  75  feet  high, 
22  feet  bosh  rising  18|  feet,  angle  75°,  crucible  11  feet  diameter, 
8  ft.  2  ins.  high,  throat  14  ft.  8  ins.,  central  tube  for  taking  off  the 
gases  with  two  downcomers,  six  tuyeres  of  5  inches  diameter.  Ten 
Cowper  stoves,  92  feet  high,  21^  feet  diameter,  with  chimney  245 
feet  high,  outside  diameter  at  bottom  16 j  feet  and  at  top  lOf  feet. 
Twenty-four  Lancashire  boilers  7  ft.  2  ins.  diameter,  34  feet  long, 
two  tubes  each  30  inches  diameter  without  cross  tubes,  heating 
surface  95  square  metres  or  1,020  square  feet.  The  two  furnaces, 
placed  114  feet  apart  from  centre  to  centre,  have  separate  hoists  and 
roofed  cast-houses ;  and  the  hearth  level  is  high  enough  above  the 
general  level  for  the  slag  and  molten  iron  to  flow  into  cast-iron 
boxes  and  ladles,  to  be  conveyed  to  the  heap  or  to  the  steel  works. 
For  the  two  furnaces  there  are  four  compound  condensing  horizontal 
blast-engines,  with  high-pressure  cylinder  42  inches  diameter, 
low-pressure  60  inches,  air  cylinders  75  inches,  and  stroke  5^  feet, 
to  make  from  35  to  40  revolutions  per  minute.  Steam  pressure 
8^  atmospheres,  and  blast  pressure  from  one-half  to  one  atmosj)here, 
as  may  be  required.  The  100  coke  ovens  with  by-product  plant  are 
estimated  to  cost  £75,000  ;  the  two  blast-furnaces,  with  all  railways, 
bunkers,  &c.,  £150,000. 

At  a  works  where  the  production  of  pig-iron  was  very  large,  the 
cost  of  labour  was  as  low  as  Is.  dd.  per  ton.  The  total  cost, 
including  general  and  establishment  charges,  was  only  3s.  od.  -per 
ton. 

In  1882  the  production  of  Bessemer  iron  was  733,665  tons,  and 
it  has  fallen  now  to  350,000  tons  ;  whilst  in  1883  the  production  of 
Thomas  iron — that  is,  pig-iron  run  into  cast-iron  moulds  for  the 
Bessemer  basic  process,  made  specially  low  in  silicon  so  as  to  contain 
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only  about  0*5  per  cent. — was  3G9,G85  tons,  and  it  lias  constantly 
and  regularly  increased,  till  it  lias  now  reached  the  enormous  total 
of  2h  million  tons.  Germany  is  entitled  to  the  highest  credit  for  her 
skill,  industry,  and  perseverance  in  this  rapid  and  great  development 
of  the  basic  dephosphorization  process  of  steel  making.  This 
unexampled  success  has  enabled  her  to  use  her  own  phosphoric 
minerals  to  an  important  extent,  and  to  produce  a  material"  used  for 
every  purpose,  where  the  highest  quality  is  an  absolute  necessity. 

France  follows  with  an  average  output  in  the  three  years  1881- 
82-83  of  2,000,000  metric  tons,  which  declined  in  1886  to  1,516,574 
tons,  and  gradually  increased  to  2,005,889  tons  in  1895,  when  there 
were  seventy  furnaces  in  blast,  giving  an  average  of  about  30,000 
tons  per  furnace  per  annum. 

The  furnaces  in  the  Centre,  South,  and  Xorth  of  France  making 
Bessemer  pig-iron  have  made  little,  if  any,  progress  for  some  years  ; 
but  great  impetus  was  given  to  the  production  of  phosphoric  pig-iron 
in  the  East  of  France  by  the  invention  of  the  dephosphorization 
process  of  steel  making.  In  the  Meurthc  and  Moselle  district  there 
are  forty-three  blast-furnaces,  which  produced  last  year  1,264,000 
tons,  being  an  average  of  30,000  tons  per  furnace  per  annum,  leaving 
only  813,647  tons  for  the  whole  of  the  remaining  furnaces  of  the 
country. 

Engineers  in  the  whole  of  the  Lorraine  and  Luxemburg  districts 
have  paid  great  attention  to  blast-furnace  construction  and 
production ;  they  state  that  they  consider  the  essential  points  to  be 
borne  in  mind  for  regularity  of  working  and  lai'gc  production  arc, 
that  every  furnace  should  have  numerous  Cowper  stoves,  and  should 
have  its  own  blast-power  isolated  from  that  of  other  furnaces.  Their 
most  economical  and  best  results  have  been  attained,  firstly  by 
increased  size  of  furnace  ;  secondly,  by  higher  temperature  of  blast ; 
thirdly,  by  more  powerful  blast-engines. 

The  ironstone  used  is  the  well  known  Minette,  of  three  qualities 
— red,  grey,  and  calcareous.  These  either  by  themselves,  or  mixed 
with  one  another,  require  neither  additions  of  limestone  in  the 
furnace  nor  calcination.      The  ironstone   in  the  neighbourhood  of 
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Longwy  averages  a  little  over  30  per  cent,  of  iron.  The  coke  is 
brought  from  AYestphalia,  a  distance  of  more  than  150  miles,  and  costs 
delivered  21*30  francs  per  ton  ;  the  price  into  wagons  in  Westphalia 
is  10  francs,  and  the  duty  1*30  francs  per  ton.  Labour  cost  per  ton 
of  iron  varies  from  25d.  to  30c?.  The  class  of  iron  made  throughout 
this  district  is  mostly  Thomas  iron ;  and  in  order  to  make  it  high 
enough  in  phosphorus,  namely  to  coutain  about  2  per  cent.,  an 
addition  of  phosphoric  slag  from  the  converter  is  necessary,  as  the 
Minette  by  itself  gives  only  1  •  5  per  cent,  of  phosphorus.  Greek 
ore  is  also  added  to  give  about  1  •  8  per  cent,  of  manganese  in  the 
iron,  so  as  to  keep  the  sulphur  down  to  about  0*6  or  0-8  per  cent., 
the  iron  being  white.  Generally  from  1,150  to  1,200  kilogrammes 
of  Westphalian  coke  is  required  for  making  1,000  kilos  of  iron.  The 
forge  and  foundry  iron  is  almost  identical  in  character  and  analysis 
with  Cleveland  iron. 

At  Micheville  two  furnaces  have  recently  been  put  in  blast,  which 
are  excellent  types  of  good  construction.  By  the  courtesy  of  Mr.  Ferry, 
I  am  able  to  give  the  following  description.      Height  of  furnaces 
80  feet ;  bosh  22  feet  diameter,  angle  72^ ;  hearth  10  feet  ;  throat 
16  J  feet  diameter.     This  large  diameter  of  throat  enables  capacious 
charging  apparatus  to  be  used,  and  the  charges  are  exceptionally 
heavy,  consisting  of  coke  5^  tons  and  ironstone  15  tons,  or  1,200 
kilos  of  coke  to  1,000  of  pig-iron.     There  is  no  greater  economy 
found  in  heavy  over  light  charges,  except   that   the   apparatus   is 
opened  less  often,  and  there  is  consequently  less  loss  of  gas.     A  disc 
valve  of  about  16  feet  diameter  is  lowered  on  the   ridge   of  the 
apparatus,  to  prevent  the  escape  of  gas  when  the  materials  are  being 
lowered  into  the  furnace ;  but  as  it  is  difficult  to  make  so  large  a 
valve    quite    gas-tight,    there    is    some    escape,   though    not   very 
considerable.     There  are  only  four  tuyeres  at  work,  though  provision 
is  made  for  seven.     The  average  production  is  nearly  150  tons  per 
day.     There  are  four  Cowper  stoves  to  each  furnace,  80  feet  high 
and  23  feet  diameter.     Two  pairs  of  vertical  compound  condensing 
blast-engines,  made  by  the  Societe  Alsacienne  of  Mulhouse,  are  of 
excellent  design,  strongly  made,  and  of  good  workmanship  :  high- 
pressure  cylinders  36  inches  diameter,  low-pressure  50  inches,  air- 
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cylinders  78  inches  diameter,  stroke  5  feet,  and  32  revolutions  per 
minute.     The  governor  is  adjustable  to  give  the  number  of  revolutions 
fixed  upon  by  the  manager,  the  pressure  of  the  blast  being  disregarded. 
As   there  is  net  far   away  from  the  blast-furnaces  a   steel  works 
producing    10,000    tons    of   steel  per   month,  which    will    soon    be 
increased  to  12,000  tons,  the  engineer,  Mr.  Hartmann,  has  paid  the 
closest  attention  to  the  economical  use  of  the  furnace  gases,  with  the 
view  of  working  the  engines  in  the  whole  of  the  works  without 
using  coal  under  the  boilers.     There  are  in  all  at  Micheville  four 
blast-furnaces,  producing  about  3,500  tons  per  week  ;  one  is  open- 
topped,  that  is,  there  is  a  central  tube  taking  off  sufficient  gas  to 
work  the  blowing  engine  and  Cowper  stoves  in  connection  with  the 
furnace,  and  the  remainder  of  the  gas  is  allowed  to  escape.     When 
the  whole  of  this  gas  is  utilised  by  cup  and  cone  arrangement,  and 
six  more  boilers  now  nearly  ready  for  work  are  comj^leted,  there  will 
be  seen  at  Yillerupt  a  steel  works  having  a  pair  of  vertical  compound 
Bessemer   blowing-engines    for   the   basic   converters,  a   compound 
condensing  cogging-mill  engine,  a  compound  condensing  rolling-mill 
engine  with  three-high  billet  and  bloom  and  slab  rolls,  all  of  which, 
with  all  the  small  engines,   will  be  supplied  with  steam  from  the 
blast-furnace  gases,  after  these  have  heated  the  hot-blast  stoves  and 
worked    the    furnace    blowing-engines.      The    boilers    have    large 
combustion  chambers,  below  the  level  of  the  floor,  and  are  of  the 
multitubular  kind,  having  208  square  metres  or  2,240  square  feet  of 
heating  surface ;  and  the  tubes  are  so  arranged  that  they  can  be 
brushed  out  whilst  the  boiler  is  at  work.     A  thin  layer  of  blast- 
furnace dust  deposited  in  the  tubes  largely  curtails  the  power  of  the 
boilers  to  produce  steam  ;  six  hours  without  cleaning  shows  a  marked 
difference  in  the  quantity  of  steam  raised  ;  two  men  are  therefore 
constantly  employed  in  brushing  out  the  tubes  of  twelve  boilers. 
The  gases  escape  from  the  boilers  at  a  temperature  of  280°  C.  or 
540^   Fahr,,  and   after   passing   through   Green's   economisers   arc 
reduced  to  IGO'  or  180^   C,  or   320°  or  360^  Fahr.     The   steam 
pressure  is  8  atmospheres. 

The  ingots  are    taken   as   hot   as   possible   from    the  Bessemer 
department,  placed  in  Gjers  soaking  pits,  in  which  a  small  quantity 
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of  coal  is  used,  and  then  rolled  off.  An  Englisli  order  for  basic 
billets  2 J  inclies  square  had  just  been  completed,  and  delivered  in 
Antwerp  at  103  francs  per  ton,  a  distance  of  150  miles,  at  a  cost  for 
carriage,  wagon-hire  &c.,  of  7  francs  per  ton.  The  labour  cost  per 
ton  of  pig  is  2-80  francs,  and  the  total  cost  40  francs  per  ton.  The 
cost  varies  in  different  districts  ;  the  Westphalian  syndicate  having 
different  prices  for  coke  for  different  districts,  all  calculations  of  costs 
are  rendered  most  complicated  and  difficult. 

The  molten  metal  is  conveyed  direct  from  the  blast-furnaces  to  a 
mixer  of  120  tons  capacity,  and  from  there  to  three  basic  converters 
some  distance  away. 

At  the  Acieries  de  Longwy  Mont  St,  iVIartin  there  is  an 
important  plant  of  half-a-dozen  blast-furnaces,  with  steel  works 
having  three  15-ton  basic  converters  and  extensive  rolling  mills. 
Whilst  the  materials  produced  are  of  a  high  character,  there  is- 
nothing  of  special  importance  to  call  for  attention. 

Belgium. — The  average  production  per  annum  for  the  years  1881— 
82-83  was  711,705  metric  tons,  which  declined  in  1891  to  684,126 
tons,  and  afterwards  increased,  till  in  1895  the  production  was 
816,039  tons  from  thirty  furnaces  in  blast,  the  average  output  per 
furnace  being  about  27,000  tons.  The  production  is  still  increasing. 
Although  poor  in  iron  ores,  Belgium  is  advancing  in  blast-furnac& 
practice,  and  intends  to  hold  a  leading  position. 

The  Societe  John  Cockerill  has  constructed  in  the  best  possible 
manner,  and  just  put  into  operation,  a  very  fine  blast-furnace 
installation,  having  all  the  most  recent  improvements.  By  the 
courtesy  of  Mr,  Greiner,  Director-General  of  the  Company,  I  had  the 
pleasure  of  being  present  at  the  starting  of  the  furnace  on  the  30th 
of  last  month  (March),  when  the  Minister  of  Public  Works  travelled 
from  Brussels  to  light  the  fire,  and  wished  success  to  the  furnace, 
and  increased  commercial  prosperity  to  this  most  successful  company,, 
and  to  the  material  interests  of  the  Kingdom  of  Belgium — an  instance 
of  the  great  interest  taken  by  the  Government  in  the  development 
of  the  industries  of  the  country.  The  furnace.  Fig.  6,  Plate  20, 
is  78  feet  high,  bosh  20  feet  diameter,  angle  71^^.     There  are  five 
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tiers  of  water  blocks  above  the  tuyeres  to  protect  the  lining  of  the 
boshes.  Hearth  10  feet  diameter  at  the  bottom,  widening  to  11  feet 
at  the  level  of  the  tuyeres.  Seven  tuyeres  of  5  inches  diameter, 
placed  9  feet  apart  from  nose  to  nose,  and  6^  feet  high  above  the 
level  of  the  hearth.  Throat  15  feet  diameter,  having  two  gas 
outlets  to  one  large  downcomer,  which  leads  into  a  capacious 
receptacle  containing  water  for  cleaning  the  gases.  Four  Cowper 
stoves,  lined  with  octagonal  bricks,  are  82  feet  high  and  22  feet 
diameter ;  the  chimney  with  wrought-iron  casing  lined  with  bricks 
is  230  feet  high,  with  a  clear  outlet  of  10  feet  diameter. 

One  of  the  blast-engines  is  a  copy  of  a  type  adopted  at  some 
American  works.  It  has  two  outside  fly-wheels,  an  arrangement 
which  makes  it  difficult  to  reach  readily  some  of  the  working  parts. 
It  is  a  single  vertical  quick-running  engine,  with  air  cylinder 
84  inches  diameter  placed  above  the  steam  cylinder,  which  is 
42  inches  diameter.  The  maximum  steam-pressure  is  six  atmospheres, 
and  the  valve-gear  has  somewhat  comj)licated  motions  for  early 
cut-off.  The  stroke  is  5  feet,  and  the  speed  40  revolutions  per 
minute,  vrHh  the  intention  of  running  up  to  60  ;  if  found  desirable 
the  pressure  of  blast  may  be  increased  to  one  atmosphere.  A 
second  engine  is  being  constructed  of  better  design,  and  of 
greater  power  and  more  strongly  made,  consisting  of  a  jmir  of 
vertical  compound  condensing  engines,  with  a  single  large  fly-wheel 
in  the  centre  of  the  shaft ;  high-pressure  cylinder  30  inches,  low- 
pressure  48  inches,  two  air-cylinders  each  68  inches  diameter, 
stroke  4  feet,  to  make  from  40  to  60  revolutions  per  minute ;  and 
jiressure  of  air  from  7  lbs.  to  10  lbs.  per  square  inch. 

Great  attention  has  been  given  to  the  boilers  ;  they  are  9  feet 
10  inches  diameter,  and  have  each  three  tubes  ;  the  two  top  tubes 
are  3  feet  3  inches  diameter,  and  the  bottom  one  2  feet  8  inches ; 
length  32J  feet.  The  l)oilcrs  are  fired  by  the  gas  from  the  furnace  ; 
and  each  tube  has  a  separate  chamber  of  large  capacity,  to  insure 
complete  combustion. 

Westphalian  coke  is  used.  The  ores  are  principally  Tafna, 
liubio,  and  purple,  all  low  in  phosphorus,  for  making  Bessemer 
pig-iron.     From  the  ordinary  furnaces  about  100  tous  arc  obtained 
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daily ;  and  from  the  new  furnace  niucli  better  results  are  expected, 
probably  200  tons  a  day. 

At  the  works  of  La  Providence,  Marchienne,  Mr.  Hovine  has  two 
furnaces  in  oj)eration,  and  a  new  one  is  being  constructed.  Those  at 
work  each  produce  110  tons  daily  of  basic  pig ;  and  the  new  one, 
which  is  larger,  is  expected  to  give  140  tons  daily.  There  are 
altogether  seven  furnaces  in  operation  making  phosphoric  pig-iron, 
the  steel  works  using  nothing  but  basic  pig.  These  works  are 
celebrated  for  the  low  jjrices  at  which  they  export  girders  &c.  to 
England.  A  rolling  mill  having  three-cylinder  engines  was  rolling 
girders  in  a  three-high  train  at  a  high  speed,  direct  from  ingots 
heated  in  coal-fired  furnaces. 

The  labour  cost  per  ton  of  Bessemer  iron  is  2^^  francs  ;  4  francs 
cover  all  kinds  of  labour  and  salaries ;  and  another  franc  is 
found  a  sufficient  fund  for  relining.  Labour  at  basic  furnaces  is 
3  francs  per  ton  of  iron,  little,  if  any,  limestone  being  used. 

Belgium  having  last  year  reduced  its  tariif  has  commenced  to 
complain  of  Germany  throwing  some  of  its  surplus  j)roduction  into 
the  country  at  very  low  prices. 

Several  other  blast-furnaces  are  being  constructed  abroad ;  but 
sufficient  has  been  said  to  show  that  they  recognise  the  vital 
importance  of  obtaining  suitable  and  cheap  pig-iron.  Great  efforts 
are  being  made,  and  large  sums  of  money  expended,  to  produce  it  in 
greater  quantities  and  at  lower  costs. 

From  the  foregoing  figures  of  production  and  descrij^tions  of 
plant,  it  can  be  seen  that  great  progress  is  being  made  abroad,  whilst 
our  production  of  pig-iron  compared  with  the  average  of  the  three 
years  1881-82-83  remains  stationary.  America  has  doubled  her 
output.  Germany  and  Luxemburg  are  increasing  so  rapidly  that 
probably  this  year  will  see  their  output  also  doubled,  and  they  are 
steadily  and  rajiidly  advancing  to  our  figures.  France  remains 
stationary.     Belgium  has  increased  13  per  cent. 

Fuel. — With  respect  to  our  position  as  regards  fuel,  the  cost  of 
coal  varies  considerably  in  the  several  regions ;  but  the  following 
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figures  of  values,  supplied  to  the  Secretary  of  the  Board  of  Trade  by 
Sir  Eobcrt  Giffen,  indicate  pretty  accurately  the  relative  costs  oi 
production  in  the  five  countries,  and  show  that  as  regards  Germany 
our  costs  are  alike,  but  are  considerably  lower  than  those  of  France 
and  Belgium.  In  1894  the  United  Kingdom  and  the  other  countries 
here  mentioned  produced  the  following  quantities  of  coal  of  the 
average  values  named  per  ton  at  the  pit : — 

L'uited  Kingdom  produced  188,277,000  tons  at  Gs.  S<.1.    per  ton. 

United  States  „         158,000,000      „       5g.  3ld. 

Germany  „  76,741,000      „       6s.  l^d. 

France  „  26,964,000       „       ds.  0\d.       „ 

Belgium  „  20,534,000      „       Is.  5^d. 

Iron  Ores. — Swedish  phosphoric  and  Spanish  hematite  are  somewhat 
dearer  on  the  Continent  than  with  us  ;  but  the  Minette  ironstone  costs 
only  about  2s.  jjer  ton  at  the  mines,  whilst  similar  ironstone  at  home 
costs  more,  being  burdened  with  a  royalty  charge  of  about  6d.  per  ton. 

JRailway  Bates. — We  have  seen  that  low  railway  rates  abroad 
permit  of  carrying  low  finalities  of  ironstone  to  furnaces  150  miles 
distant  from  the  mines,  and  also  of  carrying  coke  from  Westphalia 
to  the  Luxemburg,  French,  and  Belgian  blast-furnaces  to  make  pig- 
iron,  and  afterwards  of  carrying  the  pig-iron  made  in  Luxemburg 
and  Lorraine  to  Westphalia  to  be  converted  into  finished  products. 
In  this  country  it  must  be  admitted  that  we  have  a  splendid  railway 
service,  and  that  the  dividends  paid  are  only  fair  and  reasonable  ; 
but  the  rates  of  carriage  arc  out  of  all  proportion  heavier  than  those 
ruling  abroad. 

Labour  Cost. — As  regards  the  labour  cost  per  ton  of  iron,  there  is 
not  much  difi"erencc  to  our  disadvantage  :  so  that  it  is  misleading  to 
accuse  ourselves  of  inability  to  compete  from  this  cause.  But  there 
is  no  doubt  whatever  that  our  labour  has  become  far  more  difficult 
to  manage,  is  much  more  ready  to  stop  work  in  order  to  obtain  an 
increase  of  wages,  and  is  constantly  agitating  for  fewer  hours  of 
work.     Every  concession  made  renders  it  more  and  more  difficult  to 
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compete  witli  tlie  Continent  in  the  markets  of  tlie  world ;  but  our 
workmen  cannot  yet  be  brought  to  see  this,  neither  can  they  be 
persuaded  to  cease  opposition  to  mechanical  devices  for  saving  labour 
and  reducing  costs  ;  indeed  all  such  appliances  are  jealously  watched, 
and  if  possible  their  success  is  prevented.  Yet  the  favourite  remedy 
for  this  state  of  things  in  many  minds  is  to  spread  technical 
education  all  over  the  country ;  whereas,  if  the  result  they  desire 
could  unhappily  be  attained,  the  last  state  of  the  trade  would  be 
worse  than  the  first,  for  we  should  have  no  hewers  of  coal  nor  makers 
of  steel.  The  truth  is  that  there  is  no  lack  of  technical  ability  in 
this  country :  quite  the  contrary.  Our  continental  competitors  do 
not  claim  to  have  invented  the  puddling  i^rocess,  the  rolling  mill,  the 
steam  hammer,  the  Bessemer  acid  and  basic  j)rocesses,  the  hot-blast 
stove,  &c. ;  but  they  have  carefully  applied  all  these  j^rocesses  and 
inventions  of  ours  to  their  own  use,  in  a  scientific  and  practical 
manner ;  and  we  are  equally  free  to  adopt  their  methods,  if  any  of 
them  are  better  than  our  own.  But  they  can  and  do  claim  that  they 
have  trained  skilful,  careful,  and  obedient  workmen.  Whilst  I  do 
not  concede  that  a  continental  workman  understands  his  duties  better 
than  our  workmen,  I  do  most  distinctly  believe  that  his  military 
training  has  been  of  great  advantage  to  him,  to  his  physique,  and  to 
his  employers.  A  com2:)ulsory  strict  military  training,  to  follow  the 
sound  and  excellent  education  now  given  to  every  one,  would 
contribute  greatly  to  the  general  good  of  our  country.  Our  path  is 
strewn  with  difficulties ;  but  the  greatest  difficulty  we  have  to 
surmount,  which  seems  insurmountable,  is  the  barrier  of  tariffs  set 
up  against  us.  For,  whilst  Great  Britain  is  free  and  open  to  attack 
from  all  the  world,  America  demands  a  payment  of  16s.  8d.  for 
every  ton  of  pig-iron  we  send  there,  Germany  10s.  per  ton,  France 
15  francs  minimum ;  and  Belgium,  brave  little  kingdom,  surrounded 
by  powerful  competitors,  reduced  its  duty  in  July  of  last  year  from 
5  to  2  francs.  In  these  tariff's  lies  the  real  reason  of  the  success  of 
foreign  competition ;  but  we  have  no  right  to  complain,  for  these 
barriers  have  enabled  those  countries  to  develop  their  resources  and 
to  employ  their  own  population.  But  wo  do  complain,  when,  after 
having  supplied  their  own  requirements  at  prices  that  leave  them 
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good  profits,  they  throw  their  surplus  products  into  our  country  and 
into  our  colonies  at  lowered  prices.  EemoYe  these  barriers,  and  then 
the  reproachful  cries  we  are  fond  of  raising  against  ourselves — of 
want  of  technical  knowledge  and  ability,  want  of  energy  and 
enterprise,  and  decadence  of  our  industries — would  become  cries  of 
the  j)ast ;  and  the  race  for  supremacy  would  be  a  race  run  on  merits. 


3Ir.  WiLLiA3i  Laird,  Member  of  Coimcil,  in  moving  a  vote  of 
thanks  to  the  President  for  his  Address,  said  he  was  glad  the 
President  had  been  able  to  preface  the  address  by  announcing  that 
the  preliminary  arrangements  had  now  been  made  and  a  contract  was 
about  to  be  entered  into  for  a  suitable  building  for  the  Institution, 
They  had  for  many  years  been  beholden  to  the  Institution  of  Civil 
Engineers  for  the  use  of  the  lecture  room  in  which  they  were  now 
assembled ;  and  any  rumours  of  what  the  Institution  of  Mechanical 
Engineers  might  be  about  to  do  in  providing  a  meeting  room  for 
themselves  had  not  lessened  the  friendly  interest  felt  by  the  Council 
of  the  Institution  of  Civil  Engineers,  who  had  continued  to  hold  out 
the  brotherly  hand  of  fellowship,  and  had  permitted  them  again  to 
occupy  these  new  rooms.  It  was  highly  gratifying  that  the  younger 
Institution  should  again  be  so  kindly  welcomed  by  the  older. 

All  knew  how  wide  was  the  experience  of  their  President  in  the 
subject  which  he  had  dealt  with  in  the  Address  just  delivered ;  and 
the  care  which  he  must  have  taken  in  preparing  this  address  was  an 
indication  of  how  greatly  he  valued  the  high  position  he  occupied  at 
the  head  of  this  Institution.  Not  only  had  he  been  in  communication 
with  the  leading  makers  of  pig-iron  in  this  country,  on  the  continent, 
and  in  America,  but  he  had  taken  the  trouble  to  collect  from  them 
and  from  other  sources  figures  which  could  be  fully  relied  uj^on, 
and  to  bring  forward  the  diagrams  by  which  the  address  was  so 
well  illustrated.  As  far  as  he  could  do  so  in  the  time,  he  wished 
to  enable  all  the  members  to  be  masters  of  the  subject  upon  which  he 
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had  dwelt.  It  was  a  most  appropriate  subject  for  him  to  have  taken 
up  with  his  ability  and  experience,  because  it  showed  what  might 
be  called  the  cradle  of  the  iron-making  industry,  and  under  what 
circumstances  iron  was  produced  from  different  kinds  of  ore  in  different 
kinds  of  furnaces  and  under  different  labour  conditions.  Had  time 
allowed  indeed,  he  might  perhaps  have  taken  up  some  special 
subjects  connected  with  the  iron-manufacturing  industries,  such  as 
the  finished  products  indicated  at  the  outset  of  the  address — "  rails, 
plates,  billets,  girders,  and  wire-rods  " — perhaps  including  also  the 
making  of  tubes,  large  and  small,  especially  the  small  tubes  of 
particularly  high  quality  which  had  been  made  during  the  last  few 
years.  At  the  present  time  an  extensive  industry  was  growing  up 
in  America  in  making  such  tubes  for  bicycles  and  tricycles.  How 
long  the  demand  for  them  would  continue,  no  one  knew.  Some 
thought  the  cycle  was  going  to  displace  horsemanship  ;  and  it  would 
certainly  compete  closely  with  the  new  kinds  of  carriages  driven  by 
motors,  with  regard  to  which  a  bill  was  now  before  parliament. 
But  these  subjects  the  President  had  rightly  said  should  be  taken  uj) 
and  dealt  with  one  by  one.  He  had  himself  shown  an  example  of 
most  industrious  investigation  in  the  first  stage,  namely  as  to  how 
iron  was  made  ;  and  he  left  it  to  other  members  of  the  Institution 
who  might  be  specially  conversant  with  particular  branches  to 
extend  their  observations,  and  to  place  before  future  meetings  their 
experience  and  their  views  on  these  different  topics.  The  present 
address  had  given  all  engineers  much  food  for  reflection,  and  had 
supplied  most  interesting  statistics  as  to  what  was  being  done  in 
England  and  elsewhere.  Like  an  Englishman  the  President  had 
spoken  with  great  fairness,  and  was  certainly  encouraging  in  his 
statements,  while  at  the  same  time  he  had  pointed  out  that  it  would 
not  do  to  be  too  self-satisfied,  and  that  we  had  not  got  the  field 
entirely  to  ourselves.  This  was  a  remark  which  did  not  apply  to 
iron-making  alone ;  it  applied  to  every  industry  that  be  knew  of ; 
certainly  it  applied  forcibly  to  the  shipbuilding  industry,  in  which 
he  was  himself  specially  engaged,  as  well  as  to  many  others  iu 
connection  with  iron  and  steel  work,  and  also  to  the  manufacture  of 
textile  fabrics.    The  President  he  thought  had  acted  wisely  in  calling 


132  PRESIDEXT's   address.  Ai'RIL  189C. 

(Mr.  William  LairJ.) 

special  attention  to  what  had  been  done  in  other  countries.  There 
it  \ras  true  that  English  ideas  might  have  been  taken  up  and 
valuable  inventions  ajjpropriated ;  but  this  had  not  been  done 
blindly,  but  had  been  backed  up  by  science,  practical  knowledge, 
and  patience,  with  the  further  advantage  of  highly  trained,  industrious, 
and  well-behaved  workmen.  Though  English  workmen  might  perhaps 
be  the  highest  skilled  of  any  in  the  world,  yet  others  were  following 
them  closely  ;  and  it  was  their  duty  to  take  care  that  in  their  respective 
departments  they  were  not  surpassed.  In  thanking  the  President 
cordially  for  his  excellent  Address,  he  joined  in  the  hope  that  it 
might  have  the  intended  effect  (page  108)  among  the  members  of  the 
Institution  at  large. 

Mr.  Jeremiah  Head,  Past-President,  said  all  present  had  listened 
to  a  most  interesting  Address,  and  all  must  feel  that  they  required 
to  read  it  over  again  at  least  once  before  they  could  properly  make 
their  own  all  the  information  it  contained.  One  conclusion  however 
at  which  all  must  have  arrived  was  that  there  was  great  benefit 
in  looking  over  the  high  hedge  which  surrounded  us,  and  seeing 
what  others  were  doing  on  the  other  side.  The  President  was  a 
great  traveller ;  he  went  into  foreign  countries,  and  saw  what  was 
being  done  there  ;  he  saw  it  with  intelligent  and  observant  eyes,  and 
what  he  saw  he  made  a  note  of.  In  his  own  opinion  English 
manufacturers  did  not  travel  nearly  enough.  From  the  United  States 
engineers  were  continually  coming  over  to  Europe  to  see  what  ideas 
they  could  pick  up.  Mr.  Carnegie  he  believed  made  a  practice  of 
sending  a  couple  of  his  managers  to  Europe  every  year  for  three 
months  on  a  holiday,  paying  their  salaries  and  their  expenses, 
only  requiring  of  them  that  they  should  go  to  other  works  in  the 
same  line  of  business  as  theirs,  make  themselves  as  agreeable  as 
possible,  and  pick  uj)  all  the  knowledge  they  could.  Such  a  course 
was  perfectly  within  his  rights ;  and  it  would  be  wise,  he  thought,  if 
English  engineers  did  a  little  more  of  the  same  kind  of  thing. 
On  all  sides  foreigners  were  encroaching  on  our  trade,  and  in  many 
respects  were  getting  in  front  of  us.  As  the  President  had  pointed 
out,  this  was  partly  due  to  the  stimulus  provided  by  their  protective 


AriilL   1896.  rUESIDEXx's    ADDKESS.  133 

tariffs.  These  of  course  we  could  uot  lielj) ;  but  tliere  were  many- 
ways  in  wMcli  foreigners  were  getting  alicad  of  Englislimen,  wLich 
we  could  help,  and  in  these  it  was  uot  creditable  to  us  that  we 
should  fall  astern.  In  America,  for  example — where  iron,  brass,  and 
other  metals  were  dearer  than  in  this  country,  where  labour  was 
also  dearer,  where  the  distances  to  the  sea  coast  were  greater,  where 
they  had  not  such  a  fleet  of  steamers  to  foreign  countries  as  we  had — 
they  nevertheless  exported  machinery  to  a  considerable  extent  every 
year  to  this  country  and  to  other  parts  of  the  world.  Many  of  our 
old  industries,  such  as  watch-making,  the  Americans  had  to  a  great 
extent  taken  from  us,  notwithstanding  the  fact  that  their  materials 
and  labour  were  dearer.  This  was  because  they  had  gone  into  the 
manufacture  more  systematically  and  more  scientifically.  Englishmen 
might  have  done  the  same,  and  might  do  the  same  now,  but  they  had 
not  done  it  yet.  Other  productions  also  might  be  mentioned,  such 
as  sewing  machines,  which  the  Americans  exported  largely  every 
year.  Surely  we  ought  to  be  as  ingenious  as  they.  At  all  events 
we  had  had  an  equal  chance  of  inventing  the  sewing  machine,  and 
improving  it,  and  exporting  it  all  over  the  world.  But  it  was  not 
usual  to  discuss  presidential  addresses  ;  and  he  must  therefore  revert 
to  his  immediate  object,  which  was  to  second  the  proposal  of 
Mr.  Laird,  that  a  hearty  vote  of  thanks  be  given  to  the  President 
for  his  most  interesting  and  instructive  Address. 

The  vote  of  thanks  was  passed  with  applause. 

The  President  thanked  the  members  cordially  for  the  kind  voto 
they  had  passed.  He  had  been  afraid  they  would  find  the  Address 
long  and  tedious ;  but  he  had  found  he  could  not  bring  any  other 
subject  into  an  hour's  discourse  if  he  wished  to  do  anything  like 
justice  to  blast-furnace  work.  To  the  latter  indeed  he  thought  he 
had  not  done  sufficient  justice,  even  as  it  was.  Still,  if  the  members 
of  the  Institution  would,  as  he  had  asked  them,  take  the  subject  up, 
go  carefully  into  it,  and  bring  forward  papers  of  their  own,  he  should 
feel  that  the  Address  had  been  of  some  use  to  the  Institution. 
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XOTES  ON  STEAM   SUPERHEATIXG. 


By  Mk.  WILLIAM  II.  PATCHELL,  of  Loxdox. 


Nature  of  Steam  Superlieatinfj. — Superlieated  Steam  is  steam  of 
any  pressure  at  a  temperature  liiglier  than  tlie  temperature  of  its 
evaporation  from  water  at  tliat  pressure.  Saturated  steam  may  be 
superlieated  by  imjiarting  additional  beat  to  it  at  a  constant  pressure, 
during  which  process  its  volume  increases.  By  permitting  saturated 
steam  of  a  given  pressure  to  expand  without  doing  work,  superheated 
steam  at  a  lower  pressure  may  be  formed.  Steam  cannot  be 
superheated  in  the  presence  of  the  water  from  which  it  was  evaporated, 
owing  to  the  fact  that  the  water  takes  up  the  heat  and  evaporates  into 
further  saturated  steam.  The  corollary  follows  that  water  cannot 
exist  in  the  presence  of  superheated  steam  :  either  the  surplus  heat 
u  the  steam  will  evajjorate  the  water  :  or,  if  there  be  too  little 
surplus  heat  to  evaporate  all  the  water,  the  steam  will  immediately 
become  saturated  by  evaporating  as  much  of  the  water  as  it  can. 

Messrs.  Eaii'bairu  and  Tate,  Hirn,  and  Siemens,  all  found  that 
saturated  steam  was  not  a  true  gas,  a)ul  that  its  expansion  on  the 
application  of  further  heat  was  at  first  much  greater  than  that  of  a 
perfect  gas.  When  a  temperature  of  about  20'  Fahr.  above  that  of 
the  saturated  steam  was  reached,  the  volume  increased  at  about  the 
same  rate  as  that  of  a  perfect  gas.  No  data  appear  to  bo  yet 
available  as  to  the  expansion  of  steam  with  high  degrees  of  superheat ; 
but  there  is  little  doubt  that  it  would  be  that  of  a  perfect  gas.  A 
marked  feature  in  the  use  of  superheated  steam  is  the  rajjid  fall  in 
the  superheat  from  radiation  &c.  The  reason  of  this  more  rapid 
fall  in  temperature  as  comjiared  with  saturated  steam  seems  to  be 
that  the  latter  owes  its  heat-retaining  properties  to  the  water  spray 
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carried  in  it.     It  is  only  after  tliis  water  spray  lias  been  evaporated 
that  the  steam  becomes  a  true  gas. 

Aim  of  SujyerJieating. — The  greatest  advantage  to  be  gained  by 
the  use  of  superheated  steam  is  in  engine  cylinders,  and  is  due  to  the 
immediate  absorption  of  the  film  of  water  on  the  metal  surfaces  by 
the  surjilus  heat,  thereby  counteracting  cylinder  condensation,  which 
is  the  heaviest  loss  in  the  exjiansive  working  of  steam.  In  this 
connection  superheated  steam  would  appear  to  have  an  advantage 
over  steam-jackets,  inasmuch  as  the  heat  is  applied  exactly  where 
it  is  wanted,  and  during  the  period  that  it  is  wanted,  that  is,  up  to 
the  point  of  cut-off ;  whereas  a  steam-jacket  wastes  a  considerable 
part  of  its  heat  and  time  in  warming  up  the  exhaust. 

Early  attempts  at  SuperJieating. — That  economy  attends  the  use  of 
superheated  steam  in  engine  cylinders  has  been  known  at  least  since 
1828,  when  Eichard  Trevithick  reported  on  the  engines  at  Binner 
Downs  Mine  in  Cornwall.*  The  engineer  of  the  mine,  Caj)t. 
Gregor,  wishing  to  rival  the  record  of  a  neighbouring  mine  where 
the  cylinders  had  been  cleaded  in  saw-dust,  built  in  his  cylinders 
and  steam-pipes  with  brickwork,  making  a  fire-grate  underneath  them 
and  flues  around.  The  results  were  unexpected,  and  the  duty  of  the 
engine  was  raised  from  forty-one  to  sixty-three  million  foot-pounds 
per  bushel  (84  lbs.)  of  coal.  Trevithick  tested  the  70-inch  cylinder 
engine,  which,  when  5  bushels  of  coal  was  burned  in  24  hours  under 
the  cylinder,  took  67  bushels  under  the  boiler  ;  when  no  coal  was 
burned  under  the  cylinder,  108  bushels  of  coal  was  used  under  the 
boiler  for  the  same  work,  showing  a  saving  of  one-third  of  the  coal 
by  superheating.  The  steam  pressure  was  45  lbs.  per  square 
inch,  and  the  strokes  eight  per  minute.  With  the  cylinder  fires  on, 
13  gallons  of  injection  condensing  water  was  used  jier  stroke,  and 
heated  from  70"^  tp  104^;  without  the  cylinder  fires,  15\  gallons  of 
condensing  water  was  used  per  stroke,  and  heated  from  70^  to  112^. 
Trevithick  followed  this  up  by  inventing  in  1832  a  tubular  boiler, 
combined  with  a  superheater   betn'een  the  boiler  and   the   engine 

*  Life  of  Richard  Trevithick,  vol.  2,  pages  315  and  323-4. 
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cylinder ;  be  also  jacketed  tlie  cylinder  -nitli  the  waste  gases  from 
the  furnace.  In  Plate  30  is  shown  the  arrangement,  copied  from  his 
specification  Xo.  G308  of  1832.  The  external  series  of  vertical  pipes, 
connected  toj)  and  bottom  to  a  hollow  ring,  constitute  the  boiler  ; 
the  superheating  pipes  inside  it  are  formed  like  inverted  siphons,  sa 
as  to  avoid  jointing  at  the  lower  end  next  the  fire.  Trevithick  had 
been  combating  cylinder  condensation  for  thirty  years  before  this 
date,  having  in  1802  in  conjunction  with  Vivian  constructed  a  non- 
condensing  engine,  the  cylinder  of  which  was  placed  inside  the 
boiler — a  plan  followed  for  many  years  with  much  success  in 
agricultural  portable  engines  by  Messrs.  Hornsby  of  Grantham. 

Owing  doubtless  to  the  difficulty  in  controlling  the  temperature- 
imparted  to  the  steam,  superheating  made  but  little  headway  till 
1850,  when  it  came  to  the  front  again.  Many  plans  were  then 
ju'oposed  for  superheaters  and  steam  driers  in  various  forms,  both 
attached  to  boiler  flues  and  separately  fired.  Asbestos  packings  and 
brass  bushes  with  plumbago  plugs  were  then  introduced  to  meet 
the  demand  for  steam-tight  glands  under  superheated  steam. 

JlTore  recent  efforts. — Some  results  then  obtained  were  reported  to 
this  Institution  by  Mr.  John  Penn  in  1859  (Proceedings  page  195), 
followed  by  Mr.  John  X.  Eyder  in  1860  (page  22).  Mr,  Penn 
described  the  apparatus  employed  by  him  in  the  Yaletta  steamer  of 
the  Peninsular  and  Oriental  Co.,  with  engines  of  260  nominal 
horse-power,  where  the  saving  in  fuel  due  to  superheating  was 
20  per  cent.  The  superheater  consisted  of  two  horizontal  faggots, 
each  of  forty-four  2-inch  tubes,  placed  in  the  smoke-box.  The  tubes 
were  fixed  into  three  wrought-iron  boxes,  welded  up  at  the  corners 
and  closed  with  a  flanged  joint.  The  steam  from  the  boiler  passed 
into  the  centre  box,  thence  through  the  tubes  into  the  end  boxes  on  its 
way  to  the  engines,  taking  up  heat  from  the  escaping  gases  which 
would  have  been  otherwise  wasted.  The  proportions  of  the  apparatus 
arc  given  by  Mr.  Penn  as  2  j  square  feet  of  superheating  surface  per 
nominal  horse-power ;  the  boilers  had  a  heating  surface  of  19  square 
feet  per  nominal  horse-power.  The  steam  pressure  was  20  lbs.  i)cr 
square  inch,  and  the  amount  of  superheat  about  100'  Fahr. 


April  189G.  STEAM  SUPEEHEATING.  137 

Mr.  Jolin  N.  Ryder  dealt  witli'jMessrs.  Parson  and  Pilgrim's 
•apparatus  as  fitted  on  marine  boilers,  and  also  Mr.  David  Patridge's 
superheater.  The  Parson  and  Pilgrim  apparatus  consisted  of  two 
liorse-shoe  pipes  fixed  over  the  fire-grate  in^.the  internal  flue  of  the 
boiler.  Tests  on  the  steamers  Osprey  and  Swift  showed  a  saving 
over  saturated  steam  of  30  to  40  per  cent,  in  fuel ;  and  on  H.M. 
steam-tug  Bustler  a  mean  of  thirty-seven  trials,  with  a  pressure  of 
8^  lbs.  and  a  temperature  of  380°  in  the  cylinders,  which  is  144°  of 
superheat,  gave  25  per  cent,  economy. 

Mr.  Patridge's  apparatus  was  a  cylinder  filled  with  tubes,  placed 
Tertically  in  the  uptake.  The  gases  passed  through  the  tubes,  and 
the  steam  around  them ;  the  working  temperature  was  from  360°  to 
390°.  H.M.  steamship  Dee  was  fitted  and  tested  for  several  months 
by  the  Admiralty,  when  an  economy  of  fuel  of  from  20  to  25  per  cent, 
was  obtained.  An  aggregate  of  about  5,000  horse-power  was  stated 
to  be  then  working  with  this  apparatus. 

Following  closely  on  Mr.  Ryder's  paper  was  one  read  by  the 
Hon.  John  Wethered,  of  the  United  States,  at  the  Institution  of 
Civil  Engineers  (Proceedings  1860,  vol.  xix,  page  462),  wherein  he 
a,nimadverted  on  the  futility  of  the  common  kinds  of  suj)erheater,  and 
strongly  advised  mixed  or  combined  steam,  which  he  claimed  to  have 
introduced  from  America  four  years  previously. 

Beasons  for  former  abandonment. — If  superheating  was  so  common 
and  of  such  manifest  importance  and  efficiency  in  the  saving  of  fuel 
some  forty  years  ago,  the  question  arises,  why  was  it  given  up  ?  and 
what  factors  that  led  to  its  abandonment  have  been  eliminated  in 
modern  practice  ? 

Trouble  was  formerly  experienced  at  the  valve  faces  and  in  the 
cylinders  from  the  decomposition  and  destruction,  at  the  high 
temperatures  of  superheated  steam,  of  the  tallow  and  the  low-class 
lubricants  then  in  vogue.  This  trouble  was  twofold :  the  cutting 
find  excessive  wear  in  the  absence  of  lubrication ;  and  the  pitting 
caused  by  the  fatty  acids  in  the  lubricant.  On  this  score  however  no 
trouble  need  now  be  anticipated,  at  any  degree  of  superheat  likely  to 
bo  attained,  where  good   hydro-carbon  oils  are  used.     Gas  engines 
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run  in  regular  working  witli  a  cylinder  temjierature  in  the 
neighbourhood  of  2,000^  Fahr.,  lubricated  with  good  oil ;  and  with 
ordinary  care  and  attention  instances  of  cutting  are  not  frequent. 
The  common  use  of  metallic  packings  for  glands,  and  of  piston  valves 
in  place  of  flat  valves,  has  removed  another  serious  obstacle.  In  this- 
connection  it  will  be  well  to  note  that  pistons  and  valves  which  show 
little  leakage  when  used  with  saturated  steam  may  show  considerable 
leakage  with  dry  steam,  probably  owing  to  the  film  of  water  on  the 
metal  improving  the  fit  when  saturated  steam  is  used. 

3Iuch  of  the  trouble  that  has  been  attributed  to  the  efi'ects  of 
superheat,  in  respect  of  cut  cylinders  and  valve  faces,  has  in  the 
author's  opinion  been  due  in  reality  to  the  effect  of  alternate 
superheat  and  water  in  the  steam,  owing  to  want  of  proper  control  of 
the  superheaters.  A  superheater  may  give  a  high  degree  of  superheat 
when  the  fires  are  in  good  order,  and  at  another  time  may  even  act 
as  a  condenser.  \  The  eifect  of  this  alternation  demands  much  closei" 
attention  than  it  has  at  present  received.  A  somewhat  parallel  case 
is  the  behaviour  of  a  good  hydro-carbon  cylinder-oil,  which  in  one 
engine  with  normal  dry  steam  leaves  no  deposit ;  whereas  in  a 
sister  engine,  at  the  same  steam-pressure,  with  wet  steam  a  heavy 
deposit  is  formed  from  the  same  oil. 

An  instance  of  a  cut  cylinder  which  had  to  be  re-bored  has 
lately  come  under  the  author's  notice,  where  it  appears  from  the 
evidence  that  the  trouble  is  not  to  be  attributed  either  to  the  degree 
of  superheat  in  itself,  or  to  the  lubricant,  or  to  neglect  on  the  part 
of  the  engineer  in  charge,  but  to  the  alternate  efi'ects  of  superheated 
and  wet  steam  in  the  cylinder. 

The  majority  of  the  old  troubles  were  met  with  in  the  engines  ;  but 
the  superheaters  themselves  do  not  appear  to  have  been  always  above 
reproach.  When  endeavouring  to  trace  failures  to  faults  in  pipes  or 
joints,  the  author  has  sometimes  found  superheaters  which  were  fixed 
with  a  by-pass  for  the  steam,  but  none  for  the  gases.  The  boilers 
were  then  worked  occasionally  with  the  steam  shut  off"  from  the 
superheater ;  and  it  is  not  surprising  that  the  latter  deteriorated 
rapidly,  its  i)osition  being  eminently  unsuitable  for  a  combination 
of  boxes,  pipes,  and  tube-joints. 
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Re-introduction  of  Superlieating  Apparatus. — Concurrently  witli 
the  increased  efficiencies  gained  in  late  years  in  both  boilers  and 
engines,  competition  has  also  increased ;  and  with  it  has  arisen  the 
continual  cry  for  cheaper  power,  cheaper  transport,  cheaper  means  of 
production.  The  result  is  that  engineers  cannot  afford  to  dismiss 
Avithout  careful  examination  the  claims  of  any  plan,  the  adoption  of 
which  may  diminish  the  consumption  of  fuel.  It  is  this  fact  which  has 
again  brought  superheating  to  the  front,  and  has  made  it  the  subject 
of  close  enquiry  in  many  quarters.  Several  kinds  of  superheater  are 
now  in  more  or  less  extensive  use ;  but  only  one  of  them  is  a  radical 
departure  from  those  of  forty  years  ago.  Any  change  in  the  others 
is  rather  in  manufacture  than  in  design  ;  and  their  parentage  can  be 
traced  by  their  strong  family  likeness. 

Gehre's  Superheater. — This  is  in  extensive  use  on  the  Continent, 
and  has  been  introduced  into  this  country  by  Messrs.  B.  Donkin  and 
Co.  of  Bermondsey.  It  is  shown  in  Plates  31  and  32,  and  may  be  either 
fitted  in  the  boiler  flue,  Plate  31,  or  separately  fired,  Plate  32.  Some 
of  these  superheaters  have  been  fixed  in  England,  but  unfortunately 
they  have  not  been  tested.  Mr.  Bryan  Donkin  kindly  gave  the  author 
a  copy  of  a  test  made  in  Germany,  of  eight  hours'  duration,  on  a  water- 
tube  boiler  without  and  with  the  superheater,  Table  1.     The  heating 

TABLE  1. — Boiler  Test  Without  and  With  Gehre's  Superheater, 

See  Plate  S2. 
Without  or  AVith  Superheater 
Total  Coal  used  during  trial 

„      Water  „        „         „ 
Temperature  of  Feed-water 
Superheat  in  Steam 
Temperature  of  Furnace  Gases  before  superheater 

„  „  „     alter  „ 

Water  evaporated  per  lb.  of  coal    . 
Water  evap.  per  sq.  ft.  of  heating  surface  per  hour 
Pressure  of  steam  per  sq.  inch  above  atm. 

^lore  Steam  used per  cent.        5  — 

Less  Coal  used     ......    per  cent.       —  34 

Less  Work  on  engine    .....   per  cent.        7  — 


Without 

With 

.  lbs. 

1,940 

1,550 

.  lbs. 

15,100 

15,400 

Fahr. 

201° 

205° 

Fahr. 

— 

40° 

Fahr. 

COO^ 

600° 

Fahr. 

— . 

510° 

.  lbs. 

7-82 

9-99 

lbs. 

2-20 

2-23 

.  lbs. 

110-114 

110-114 
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surface  of  the  boiler  was  8G1  square  feet,  and  of  tlie  superheater 
G4G  square  feet.  The  superheater  was  jjlaced  directly  behind  the 
boiler  in  a  special  flue. 

Mmgrave  and  Dixon  s  Superheater. — By  the  courtesy  of  Messrs. 
Hick,  Hargreaves  and  Co.,  the  author  has  been  favoured  with  -the 
following  particulars  and  tests,  Table  2,  of  this  superheating 
apparatus  fitted  at  one  of  Messrs.  Musgrave's  cotton  mills  at  Bolton. 
As  shown  in  I'late  33,  the  apparatus  consists  of  a  nest  of  U  tubes,  bent 
to  a  large  radius  at  the  bottom.  Fig.  9,  which  are  placed  at  the  back 
<tf  a  Lancashire  boiler  where  the  hottest  gases  from  the  flues  impinge 
upon  them.  The  tubes  are  suspended  from  a  tube-plate,  forming  the 
bottom  of  a  box,  Fig.  10,  in  which  they  are  fixed  by  being  expanded 
iu  the  usual  manner.  The  box  is  divided  down  the  middle  by  a 
vertical  diaphragm,  so  that  the  saturated  steam  entering  at  one  side 
passes  down  and  up  through  the  tubes,  and  leaves  superheated 
at  the  other  side.  A  by-pass  valve  is  arranged  to  regulate 
the  flow  of  steam  through  the  superheater,  because  only  a 
portion  of  the  steam  from  the  boiler  is  intended  to  be 
superheated.  Main  valves  are  also  provided,  so  that  the  superheater 
can  be  disconnected  for  examination,  or  even  taken  out  entirely, 
without  interrupting  the  working  of  the  boiler.  The  Lancashire 
boiler  to  which  the  superheater  is  applied  is  8^  feet  diameter  and 
30  feet  long,  with  two  flues  of  3j  feet  diameter,  having  nine 
circulating  tubes  in  each.  The  grate  surface  is  39  square  feet ;  the 
heating  surface  in  the  boiler  is  1,195  square  feet,  and  in  the  superheater 
120  square  feet.  The  area  of  passage  through  the  superheating  pipes 
is  22  square  inches.  The  boiler  pressure  is  100  lbs.  per  square  inch 
above  atmosphere.  In  the  tests  a  portion  only  of  the  steam  was 
superheated.  The  steam  pipes  to  and  from  the  superheater  are 
^^\  inches  diameter,  and  are  provided  with  valves,  which  were  kept 
full  open.  The  main  stoi)-valve  on  the  boiler  is  8  inches  diameter, 
and  was  kept  only  5-lGth8  inch  open.  The  steam  was  taken  to  the 
superheater  from  underneath  this  valve,  and  the  return  pipe  from  the 
superheater  was  conducted  direct  to  the  main  range  of  steam  pipe 
siipplying  the  engine.     The  temperature  of  the  gases  was  not  taken. 
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The  engine  is  a  horizontal  tandem  compound,  fitted  with  Corliss 
valve-gear;  cylinders  18j\y  and36-,L  inches  diameter  by  4  feet  stroke. 
Each  of  the  tests  was  of  7^  hours'  duration. 

The  much  easier  working  of  the  boiler  for  the  same  indicated 
horse-power  at  the  engine  is  to  be  noted.  During  the  tests  of 
20-21  March  and  26-27  March  the  load  was  practically  identical. 
In  the  former  tests  with  superheating  the  rate  of  coal  consumption 
was  18 '8  lbs.  per  square  foot  of  grate  per  hour,  whereas  in  the  latter 
tests  without  superheating  the  combustion  went  up  to  23'4  1bs.  of 
coal  per  square  foot  of  grate  per  hour.  "Where  there  is  a  low  and 
uncertain  chimney  draft,  this  slower  combustion  alone  would  tend  to 
much  steadier  and  more  economical  steaming,  and  would  more  than 
counterbalance  any  obstruction  in  the  flues  caused  by  the  superheating 
pipes,  which  appears  to  be  more  imaginary  than  real. 

McPJiail  and  Shnpsons'  Superheater. — This  apparatus  is  the 
invention  of  Mr.  Hugh  McPhail,  and  is  manufactured  in  Wakefield 
by  McPhail  and  Simpsons'  Dry  Steam  Patents  Co.  It  consists  of 
two  parts :  the  superheater  proper ;  and  the  steam  generator  of 
radiating  tubes,  which  distinguishes  it  from  all  other  types.  As 
applied  to  a  Lancashire  boiler,  Plate  34,  there  are  two  nests  of 
vertical  steel  tubes,  expanded  at  top  and  bottom  into  cast-steel 
boxes,  or  "  headers "  as  they  are  called  in  water-tube  boilers ; 
these  nests  are  placed  preferably  at  the  back  end  of  the  internal 
flues  of  the  Lancashire  boiler,  in  the  down-take,  where  the  furnace 
gases  impinge  on  them  and  pass  between  them.  One  of  the  top 
boxes  is  connected  to  the  usual  anti-priming  pipe  in  the  boiler  ; 
and  the  corresponding  bottom  box  is  connected  to  a  block,  whicli 
j)asses  into  the  bottom  of  the  boiler,  and  from  which  a  copper  pipe 
runs  along  the  bottom  of  the  boiler  under  the  internal  flues  to  the 
front  end,  and  thence  back  again  to  the  rear,  where  it  passes  out  of 
the  boiler  and  into  the  other  bottom  box.  The  second  top  box  is 
connected  to  another  copper  pipe,  which  runs  along  the  boiler  over 
the  internal  flues,  just  below  the  water  line,  and  ends  at  the  main 
steam  stop-valve.  The  course  of  the  steam  is  from  the  anti-priming 
pipe  to  the  first  top  box,  then  down  through  the  superheating  tubes 
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to  the  first  bottom  bos,  whence  it  enters  tbe  boiler,  and  passing 
tlirougb  tlie  lower  cojiijer  pipe  gives  up  part  of  its  siiperbeat  to  tbe 
surrounding  water,  before  leaving  tbe  boiler  and  entering  tbe  second 
bottom  bos.  It  is  then  further  superheated  in  passing  up  through  the 
second  nest  of  tubes  ;  and  thence  passing  through  the  second  top  box 
into  the  upper  copper  pipe  in  the  boiler,  it  again  parts  with  some  of 
its  superheat,  before  finally  leaving  the  boiler  at  the  steam  stop-valve. 
The  complete  apparatus  thus  consists  of  two  esternal  superheaters 
and  two  internal  radiators  ;  and  the  final  degree  of  superheat  depends 
upon  the  proportion  of  the  sui^erheating  tubes  to  the  radiating 
pipes.  The  function  of  these  radiating  pipes  is  most  important,  as 
they  give  oft^  to  the  water  in  the  boiler  the  superheat  which  might  be 
dangerous  in  the  engines  at  times  of  heavy  firing ;  and,  when  the 
fires  are  green  after  cleaning  and  the  flue  gases  low  in  temperature,, 
they  prevent  any  possibility  of  the  superheater  becoming  a  condenser. 
They  thus  tend  to  keep  regular  the  amount  of  superheat  in  the  steam 
as  it  leaves  the  boiler.  It  will  be  evident  therefore  that  this 
superheater  may  be  arranged  either  for  imjoroving  the  evaporative 
efficiency  of  a  boiler  and  at  the  same  time  giving  dry  steam  at  the 
engine,  or  for  the  steam  to  leave  the  boiler  highly  superheated. 

In  its  complete  form  this  superheater  has  been  tested  and  fully 
reported  upon  by  several  engineers  in  this  country,  among  whom 
may  be  mentioned  Messrs.  Crosland  and  Michael  Longridge.  Irt 
Tables  3  to  5  are  given  the  results  of  some  recent  tests,  one  made 
by  M.  Armengaud  at  the  works  of  Messrs.  Isaac  Holden  and 
Son,  Eeims,  and  others  at  Kinleith  and  Thornliebank,  for  which  the 
author  is  indebted  to  the  manufacturers. 

The  Eeims  tests,  Table  3,  were  made  before  and  after  the 
apparatus  was  fised  on  a  Lancashire  boiler  8h  feet  diameter  and 
28  feet  long  with  furnace  tubes  3  feet  8|  inches  diameter.  The 
heating  surface  is  1,012  square  feet,  and  the  grate  area  39  square 
feet.  The  steam  was  used  exclusively  for  a  simjile  Corliss  condensing 
engine  with  cylinder  28  inches  diameter  and  4i^  feet  stroke,  running 
at  GO  revolutions  per  minute,  driving  the  machinery  in  a  wool- 
combing  mill.     The  work  was  arranged  so   that   it   should   be  as 
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nearly  as  possible  equal  on  the  occasion  of  each  test.  Owing  to  an 
oversight  during  the  test  made  before  the  superheater  was  fixed,  the 
feed  was  left  on  while  the  boiler  fires  were  being  cleaned,  the  usual 
custom  being  to  raise  the  water  level  before  cleaning  and  then  stop 
the  pump.  The  result  was  a  fall  in  the  steam  pressure  from  78  to 
42^  lbs.  per  square  inch  ;  and  the  boiler  was  so  fully  loaded  that  it 
took  two  hours  to  recover  the  normal  pressure.  The  speed  of  the 
engine  fell  to  58  revolutions  per  minute,  although  the  trips  on  the 
Corliss  gear  ceased  to  act  and  full  steam  was  being  taken  for  nearly 
an  hour ;  59  revolutions  per  minute  were  made  for  a  further  half  hour, 
before  the  usual  speed  was  re-established.  During  the  second  test,  after 
the  superheater  had  been  fixed,  the  same  procedure  was  intentionally 
repeated,  in  order  that  both  tests  might  be  exactly  compared ;  the 
result  was  that  the  steam  pressure  fell  only  3^  lbs.,  and  the  speed 
was  not  affected  at  all.  This  difference  is  most  striking,  and  is  a 
forcible  proof  of  the  great  increase  in  the  capacity  of  a  boiler  when 
fitted  with  the  superheating  apparatus.  The  superheat  was  measured 
at  the  boiler  stop- valve,  and  was  almost  constant  at  56°  Fahr. 

At  Messrs.  Henry  Bruce  and  Son's,  Kinleith  Paper  Mills,  Currie, 
Midlothian,  five  Lancashire  boilers  are  fitted  with  McPhail's 
apparatus.  Their  principal  dimensions  are  28  feet  long  by  7^  feet 
diameter ;  heating  surface  920  square  feet,  grate  area  3G  square  feet ; 
working  j^ressure  about  90  lbs.  absolute  per  square  inch.  In  Table  4 
is  shown  a  test  of  the  complete  range  of  boilers,  six  without  the 
superheaters  against  the  five  fitted  with  them. 

At  the  works  of  the  Thornliebank  Co.,  near  Glasgow,  a  Lancashire 
boiler  is  fitted  with  McPhail's  apparatus.  Its  dimensions  are  28  feet 
long  and  8  feet  diameter  ;  heating  surface  955  square  feet,  grate  area 
39  square  feet.  One  of  their  other  boilers  was  tested  against  that 
fitted  with  the  superheater,  as  shown  in  Table  5.  The  superheat  of 
the  steam  leaving  the  stop-valve  of  the  boiler  fitted  with  the 
superheater  averaged  5G'2°  Fahr.  Since  these  tests  were  made, 
another  boiler  in  the  same  set  has  been  fitted  with  the  same 
apparatus,  and  is  producing  steam  at  80  lbs.  per  square  inch  above 
atmosphere  and  at  558"  Falir.,  being  a  superheat  of  234^  Fahr. 
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TABLE  3. 

Boiler  Test  Without  and  With  McPhail  and  Simpsons'  Superheater^ 
at  Messrs.  Isaac  Holden  and  Son's  Wool-Gomhing  WorTis,  Beims. 

See  Plate  34. 
Lancashire  Boiler  28  feet  long  and  SJ  feet  diameter,  witli  two   internal 
flues  3  feet  3|  inches  diameter ;  heating  surface  1,012  square  feet,  grate  area 
39  square  feet ;  supplying  steam  to  a  Corliss  engine.     Quality  of  fuel,  Dourges. 


Without  or  "With  Superheater 

Without 

With 

1  Date 

^ 

.  1891 

June  20 

June  28. 

2  Duration  of  trial      .... 

^ 

hours 

7-83 

8 

3  Average  Boiler-Pressure  per  sq.  inch  above  atm.     lbs. 

73-6 

91-5 

■i  Temperature  corresponding  with  pressure  . 

Fahr. 

318-7° 

.331-6° 

5  Temperature  of  Steam  leaving  boiler 

Fahr. 

388-1° 

6  Degrees  of  Superheat 

Fahr. 

— 

56-5° 

7  Average  Temperature  of  Feed-water 

Fahr. 

117J° 

119° 

8  Water  evap.,  total  during  test  . 

.     lbs. 

49,899 

47,096 

9        „        „       per  hour 

.     lbs. 

6,373 

5,887 

10        „        „             „    per  sq.  ft.  of  grate 

.     lbs. 

163-4 

151-0 

11        „        „             „    per  sq.  ft.  of  boiler  heat. 

surf.  lbs. 

6-29 

5-81 

12  Coal  burnt,  total  during  test     . 

.     lbs. 

7,364-7 

5,435-.^ 

13      „        „      per  hour 

.     lbs. 

941 

679-4 

li      „        „        „      „    per  sq.  ft.  of  grate 

.     lbs. 

24-13 

17-42. 

15  Ash  and  Clinker,  total     . 

.     lbs. 

937 

613 

16      „      „         „        percentage  of  coal 

per  cent. 

12-75 

11-3 

17  Combustible  burnt,  total 

.     lbs. 

6,427-7 

4,822-3' 

18  Water  evaporated  per  lb.  of  coal 

.     lbs. 

6-78 

8-66 

19       „              „              „           combustible 

.     lbs. 

7-76 

9-76 

20  Average  Indicated  Horse-power 

I.H.P. 

328-3 

323-5 

21  Coal  per  I.H.P.  per  hour  . 

.     lbs. 

2-86 

2-10 

22  Water      „               ,.         .         .         . 

.     lbs. 

1911 

18-19 

23  Gain  in  Coal  per  I.H.P.    . 

per  cent. 

— 

36-2 

21         „      Water        „          .         .         . 

per  cent. 

— 

6-7 

25         „          „      evaporated  per  lb.  of  coal 

per  cent. 

— 

27-T 

Equivalent  Evaporation  from  and  at  212°  FaJir. 

Superheat  neglected. 

2G  Water  per  lb.  of  coal 

. 

.     lbs. 

7-67 

9-81 

27       „          „          „              ... 

gain  per  cent. 

27-9 

28       „          „            combustible  . 

.     lbs. 

8-78 

11-0& 

29       „          „          „          M            .         . 

gain 

l^er  cent. 

25-8 

Superheat  included. 

30  Water  per  lb.  of  coal 

. 

.     lbs. 

7-67 

10-07 

31       „          „          „              ... 

gain 

per  cent. 

31-29 

32       „          „           combustible     . 

.     lbs. 

8-7S 

ll-3.> 

33       „          „          „          „             .         . 

gain  per  cent. 

29-27 
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325° 

41.3° 
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8,9G9 

249 

9-75 

WITHOUT 

Mean 
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G,817 
7-11 
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319° 
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7,280 

202 

7-91 

Without  or  With  Superbeatcrg. 

Number  of  test      .... 
Date  of  test.         .         .         .1895 
Duration  of  test   .         .         .  hours 
Number  of  boilers  under  test 
Average  Boilcr-Pressuro 

per  sq.  inch  above  atm.       .     lbs. 
Temperature    corresponding 

with  pressure     .          .          .  Falir. 
Temperature  of  Steam  leaving 

boilers        ....  Fabr. 
Degrees  of  Superheat    .         .Fabr. 
Average  Temperature  of  Feed- 
water         ....  I'^alir. 
Water  evaporated, 

total  during  test         .          .     Ib.s. 
Water    evaporated,   per  hour 

per  boiler ....     lbs. 
Water    evapor:ited,   per   hour 

per  sq.  ft.  of  grate       .          .     lbs. 
Water   evaporated,    per    hour 

per  sq.  ft.  of  boiler  beat,  surf     lbs. 

—  (M?5-*«o      o      t-      X  C-.      o      —      CI      n 
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TABLE  5  (continued  on  opposite  imrje). 


Boiler  Tests  Without  and  With  McPhail  and  Simpsons'  Superheater, 

at  the  Thornliehanh  Co.'s  WorJcs,  ThornliebanTc,  Glasgow. 

See  Plate  34. 

Lancashire  Boilers,  Xos.  6  and  7,  each  28  feet  long  and  8  feet  diameter ; 

heating  surface  955  square  feet,  grate  area  39  square  feet. 

Quality  of  fuel,  Greenfield  Virgin  Coal.     No.  7  boiler  had  Superheater  attached. 


i 


Number  of  Test   ..... 

1 

Date  of  Test 

'.         '.         '.   1895 

Aug.  28 

Duration  of  Test           .... 

8  hours 

Fireman      ...... 

. 

Lowry 

No.  6  boiler  Without  and  No.  7  boiler  With 

Superheater 

Without 

With 

1 

Average  Boiler-Pressure  per  sq.  inch  above  a 

tm.     .         .     lbs. 

72 

72 

2 

Temperatm-e  con-esponding  with  pressure 

.  Fahr. 

317-8° 

317-8° 

3 

Temperature  of  Steam  leaving  boiler     . 

.  Fahr. 

309-3° 

373° 

4     Degrees  of  Superheat   .... 

.  Fahr. 

55-2° 

5     Average  Temperature  of  Feed-water 

.  Fahr. 

161° 

156° 

6     Water  evaporated,  total  during  test 

.     lbs. 

58,910 

69,586 

7          „              „           gain  due  to  Superheater 

per  cent. 

181 

8     "Water  evaporated  per  hour  . 

.     lbs. 

7,363 

8,698 

9           „             „              ))        ),    per  sq.  ft.  of  grat( 

5         .          .     lbs. 

188-8 

223  0 

10           „            „             ,.        »    per  sq.  ft.  of  boile 

r  heat.  surf.    lbs. 

7-71 

9-10 

11     Coal  burnt,  total  during  test 

.     lbs. 

9.632 

9,632 

12         „        n      per  hour    .... 

.     lbs. 

1,204 

l,-204 

13 

„        „        „     „     per  sq.  ft.  of  grate 

.     lbs. 

30-8 

30-8 

14 

Ash  and  Clinker,  total 

.     lbs. 

1,397 

1,59G 

15 

„      „          „        percentage  of  coal 

per  cent. 

14-5 

16-0 

16     Combustible  burnt,  total 

.     lbs. 

8,235 

8,036 

17     Water  evaporated  per  lb.  of  coal   . 

.     lbs. 

6-11 

7-22 

18           „            „                 »      ))  combustible 

.     lbs. 

7-15 

8-65 

Equivalent  Evaporation  from  and  at  2 

12°  Fahr. 

Superheat  neglected. 

19  !  Water  per  lb.  of  coal    .... 

.     lbs. 

6-63 

7-88 

20           ,,         „       „  combustible 

.     lbs. 

7-76 

'.•■41 

21 

Gain  due  to  Superheater  (on  combustible)     . 
Superheat  included. 

per  cent. 

21-64 

22 

Water  per  lb.  of  coal    .... 

.     lbs 

6-63 

8-09 

23 

„        „        ,,  combustible 

.     lbs. 

7-76 

9-G'.t 

24 

Gain  duo  to  Superheater  (on  combustible) 

per  cent. 

I 

24-87 
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(concluded  from  opiyosite  page)  TABLE  5. 

Boiler  Tests  Without  and  With  McPhail  and  Simpsons''  Superheater, 

at  the  ThornliebanJc  Co.'s  WorJcs,  Tliornliebanh,  Glasgow. 

See  Plate  34. 

No.  7  boiler  "with  Superheater  did  12 '97  per  cent,  more  work, 

or  in  other  words  the  saving  eifeeted  was  19 'OS  per  cent. 

owry  being  the  regular  fireman  and  acquainted  with  the  boilers  obtained  the  best  results. 


2 

3 

4 

5 

Average 

Aug.  29 

Sep.  5 

Sep.  6 

Sei' 

.10 

Gain 

8  hours 

8  hours 

8  hours 

8-66  hours 

due  to 

Parker 

Hannah 

Lowry 

Pai 

ker 

Super- 

heater. 

WiTHOrx 

With 

Without 

With 

Without 

AViTH 

Without 

AViTH 

Per  cent. 

1 

72-5 

72-5 

57 

57 

58 

58 

63 

63 

2 

318° 

318° 

304-8° 

304-8° 

305-7° 

305-7° 

310° 

310° 

3 

304° 

372° 

303-8° 

363-9° 

300-1° 

366-5° 

300° 

362° 

4 

54° 

59-1° 

60-8° 

52° 

5 

161-5° 

155° 

145-6° 

151-0° 

148-5° 

153° 

146° 

151° 

6 

68,978 

76,181 

55,890 

62,040 

55,277 

65,600 

70,684 

75,461 

7 

10-4 

11-0 

18-6 

6-75 

12-97 

8 

8.622 

9,522 

6,986-2 

7,754-7 

0,909-6 

8,200 

8,162 

8,713 

.9 

221-1 

244-2 

179-1 

198-8 

177-2 

210-3 

209-3 

223-4 

10 

9-02 

9-97 

7-31 

8-12 

7-23 

8 -.58 

8-57 

912 

11 

10,976 

11,200 

9,086 

9,171 

9,408 

9,408 

10,752 

10,304 

2 

1,372 

1,400 

1.135-7 

1,146-4 

1,170 

1,176 

1,241 

1,189 

3 

35-1 

35-9 

29-1 

29-3 

30-1 

30-1 

31-8 

30-5 

4 

1,364 

1,572 

1,252 

1,486 

1,428 

1,521 

1,276 

1,292 

5 

12-4 

14-0 

13-7 

16-2 

151 

16-1 

11-8 

12-5 

6 

9,612 

9,628 

7,834 

7,685 

7,980 

7,887 

9,476 

9,012 

.7 

C-28 

G-80 

6-15 

6-76 

5-87 

6-97 

6-57 

7-32 

8 

7-17 

7-91 

7-13 

8-07 

6-92 

8-31 

7-45 

S-37 

9 

6-81 

7-42 

6-69 

7-38 

6-42 

7-59 

7-22 

8-00 

0 

7-77 

8-64 

7-82 

8-81 

7-57 

9-05 

8-18 

9-15 

1 

11-2 

12-6 

19-5 

11-8 

15-35 

2 

6-81 

7-70 

6-69 

7-59 

6-42 

7-84 

7-22 

8-24 

3 

7-77 

y-00 

7-82     i 

9-06 

7-57 

9-34 

8-18 

9-42 

i 

15-83 

15-85 

23-38 

1516 

19-08 

' 

N 
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This  type  of  superlieater  was  adopted  by  the  author  in  1893  at 
the  Maiden  Lane  station  of  the  Charing  Cross  and  Strand  Electricity 
Supply  Corporation,  but  had  to  be  considerably  modified  to  suit  the 
Babcock  and  Wilcox  water-tube  boiler,  as  it  was  found  possible  to 
put  only  one  set  of  superheating  tubes  in  the  limited  simce  between  the 
top  of  the  water  tubes  and  the  undereide  of  the  dnim,  and  only -one 
set  of  radiating  pipes  in  the  drum :  so  that  the  arrangement  represents 
only  one  half  of  the  complete  apparatus  as  applied  to  a  Lancashire- 
or  doublc-flued  boiler.  The  arrangement  is  shown  in  Plate  35. 
The  saturated  steam  is  taken  from  the  anti-priming  pipe  to  the 
upper  box  of  the  superheater,  whence  it  passes  down  through  the 
superheating  tubes  to  the  lower  bos,  thence  up  into  the  radiating 
pipes  in  the  drum,  and  through  these  to  the  steam  stop-valve.  The 
principal  dimensions  of  the  Babcock  and  Wilcox  boiler  are  :- 
'J  X  9  =  81  tubes,  18  feet  long  and  4  inches  diameter ;  total  heating 
surface  about  1,827  square  feet ;  drum  23^  feet  long  and  4  feet 
diameter ;  width  of  fire-grate  5  feet  G  inches ;  total  grate  surface 
34*4  square  feet.  The  principal  dimensions  of  the  superheater 
are: — 75  superheating  tubes  of  1  inch  diameter,  heating  surface 
355  square  feet ;  12  radiating  pipes  of  2  inches  diameter,  heating 
surface  174  square  feet;  area  through  superheating  tubes  58 '9 
square  inches,  through  radiating  pipes  37*7  square  inches,  and 
through  steam  stop-valve  28  •  27  square  inches. 

Complete  tests  of  one  boiler  were  made  by  Professor  Kennedy, 
before  and  after  the  superheating  apparatus  was  fixed;  and  the 
principal  results  are  given  in  Table  6.  The  dynamos  are  Edison- 
Hopkinson  continuous-ciUTent  shunt-wound,  driven  by  AVillans 
engines. 

The  great  increase  in  the  capacity  of  the  boiler  will  be  noted  in 
line  8  ;  the  steaming  was  much  easier  and  steadier,  and  at  the  same 
time  the  efficiency  of  the  boiler  improved  from  68*4  per  cent,  to  74*9 
per  cent,  (line  29),  and  this  with  cold  feed.  Practically  the  whole  of 
the  superheat  was  lost  in  the  range  of  steam-pipes  between  the  boiler 
and  engine.  The  slight  difference  in  Avater  used  per  kilo-watt  hour 
may  be  accounted  for  by  the  engine  not  being  in  such  good  order  in 
the  second  test  as  in  the  first.     It  had  been  thoroughly  overhauled 
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. 

WlTHOIT 

With 

1893 

June  20 

Oct.  17 

8-15 

8-31 

I.H.P. 

135 

135+80 

750a  X lOoi 

/750rtXl05r 
\450rtXl05i' 

lbs. 

3,229 

4,528 

lbs. 

389 

532 

lbs. 

28,000 

43,655 

lbs. 

3,457 

5,125 

EH.P. 

82-15 

129-2 

686-4 

824-2 

61-3 

97-0 

lbs. 

131-3 

1403 

Fahr. 


Fahr. 


Fahr. 


355° 


377-1° 


361  -  0° 


365-1° 


TABLE  6. 

Boiler  Tests  Without  and  With  McPhail  and  Simjjsons'  Superlicater. 

See  Plate  35. 
Without  or  With  Sui^erheater 

1  Date  of  trial 

2  Duration  of  trial,  hours  and  mintites 

3  Indicated      Horse-power      of      engines 

working  at  full  load 

4  Full  output  of  Dynamos,  amix'resx  volts 

5  Coal  burnt,  total  ..... 

6  .,        „       per  hour    .... 

7  Water  pumped  into  boiler,  total     . 

8  „  „  „         „       per  hour 

9  Mean  Electrical  Horse-power 

10  Total  Kilo- watt  hours  (units) 

11  Mean  Kilo-watts  ..... 

12  Boiler  Pressure  above  atm.,   per  sq.  iucli 

13  Mean  Temperature  of  steam  on  leaving 

boiler  ...... 

14  Mean  Temperature  of  saturation  at  boiler 

pressure        ..... 

15  Mean  Temperature  of  steam  in  engine- 

room  steam-pipes  .... 

16  Mean    Temperature    of    saturation     at 

probable   pressure  in   engine-room 
steam-pipes .... 

17  Mean  Temperature  of  Feed- water  . 

18  Calorific  value  of  1  lb.  of  coal 

19  Equivalent  Evaporation  per  lb.  of  coal 

20  Carbon  value  of  coal  per  lb.  . 

21  Actual  Water  evaporated  per  lb.  of  coal 

22  Evaporation  jjer  lb.   of  coal  from 

at  212°         .... 
28  Evaporation  per  lb.  of  carbon  value 

24  Coal  burnt  per  hour  per  sq.  foot  of  grate 

25  „        „      „        „     perE.H.P.     . 

26  Water  per  hour  per  E.H.P.  . 

27  Coal  per  kilo-watt  hour 

28  Water  „    „        „      „    . 

29  Efficiencv  of  boiler, 

lOO"  X  line  22  -=-  line  19 

30  Temperature  of  gases  leaving  boiler 

31  Mean  chimney  draught,  inch  of  water 

immediately  before  the  June  trial,  and  had  been  in  daily  use  from 
that  date  until  the  October  trial,  so  that  both  valve  and  piston-ringa 
■would  be  somewhat  slacker  in  October  than  in  June.     The  same 
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Fahr. 

358-3° 

Fahr. 

80-4° 

79-76° 

Th.  U. 

14,840 

14,790 

lbs. 

15-36 

15-31 

lbs. 

1-023 

1020 

il           lbs. 
,1 

8-89 

9-65 

d 

lbs. 

10-50 

11-47 

lbs. 

10-30 

11-22 

e           lbs. 

11-3 

15-5 

lbs. 

4-74 

4-12 

,lbs. 

42-1 

39-7 

lbs. 

6-35 

5-5 

lbs. 

56-4 

52-8 

per  cent. 

68-4 

74-9 

Fahr. 

309° 

376° 

inch 

0-3 

0-4 
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cause  would  affect  tlie  coal  consumption,  which  nevertheless  shows  a 
saving  of  13 '5  per  cent. 

The  increased  capacity  and  ease  in  working  of  the  boiler  have 
been  as  marked  in  its  subsequent  use  with  the  superheating  ajiparatns  ; 
in  regular  work  it  is  evaporating  about  50  per  cent,  more  than 
heretofore.  At  first  the  author  had  some  misgivings  as  to  incrustation 
forming  in  the  suj)erheating  tubes  from  the  priming  water ;  but  from 
examining  them  closely  on  several  occasions  after  a  run  of  4,000 
hours  and  more,  and  finding  them  perfectly  clean,  he  is  satisfied  on 
this  point.  The  top  bos,  by  its  increase  in  area  over  the  steam-pipe, 
gives  a  period  of  comparative  rest  in  the  flow  of  the  steam,  and  acts 
as  an  efficient  separator  for  the  water  or  scum  carried  over.  A  steam 
trap  fitted  to  the  bos  discharges  any  such  accumulation  regularly, 
thus  preventing  its  being  carried  into  the  superheating  tubes.  The 
bottom  bos  is  also  fitted  with  a  trap  to  intercept  any  leakage  from 
the  steam  stop-valve  when  the  boiler  is  shut  in. 

The  first  apparatus  proved  so  satisfactory  that  a  second  was 
applied  to  the  companion  boiler  in  1894,  when  the  effect  of  the 
superheated  steam  in  the  pipes  began  to  be  marked  by  a  decrease  in 
the  discharge  from  the  drains  and  in  the  leakage  from  joints.  There 
are  altogether  seven  boilers,  of  which  five  or  six  are  in  general  use 
on  a  common  steam-main.  The  figures  in  Table  7  show  this  effect 
clearly. 

Induced  Draught. — The  duty  of  the  boilers  having  been  increased 
to  the  above  extent,  and  the  priming  difficulty  being  quite  overcome, 
the  only  limit  to  the  evaporation  was  the  chimney  draught.  As  the 
two  boilers  were  fitted  with  an  independent  flue  and  chimney,  they 
lent  themselves  readily  to  an  experiment  in  this  direction.  Having 
considered  several  schemes  of  forced  and  induced  draught  as  an 
auxiliary,  the  author  finally  decided  on  putting  a  fan  in  the  flue  at 
the  back  of  the  boilers.  As  there  was  no  space  available  for  any 
form  of  economiser  between  the  boilers  and  the  fan,  no  attempt 
could  be  made  to  diminish  the  loss  from  heat  in  the  waste  gases. 
The  gain  sought  for  was  in  the  direction  of  increasing  the  capacity 
of  the  existing  boilers,  so  as  to  render  steaming  independent  of  the 
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uatural  effects  of  foggy  or  heavy  weatlier,  and  by  working  tlie  boilers 
at  a  higher  rate  to  diminish  the  proportion  of  radiation  losses,  which 
are  practically  constant  at  all  loads. 

The  fan  selected  is  a  72-inch  single-inlet,  made  by  Messrs.  G.  E. 
Belliss  and  Co.,  and  driven  direct  by  one  of  their  tandem  compound 
self-lubricating  engines,  having  cylinders  3^  and  6  inches  diameter  and 
4j  inches  stroke,  working  at  150  lbs.  boiler  pressure,  and  running 
at  300  revolutions  per  minute.  The  engine  and  fan  were  put  in 
somewhat  large  for  the  estimated  work,  in  order  to  secure  slow  speed 
and  quiet  running,  with  the  result  that  within  a  few  feet  of  the  fan 
it  is  impossible  to  tell  by  the  sound  whether  it  is  running  or  not ; 
this  is  a  marked  improvement  on  many  fan-engines.  A  draught  in 
the  flue  at  the  fan  inlet  equal  to  a  2-inch  water-gauge  has  been 
easily  maintained.  The  usual  method  of  working  is  to  work  the 
boilers  on  natural  draught  at  times  of  light  load ;  and  then,  as  the 
load  increases,  to  start  the  fan,  close  the  by-pass  in  the  flue,  and 
work  steadily  at  1-inch  water-gauge.  "With  this  draught  the 
superheater  tubes  are  continually  bathed  in  incandescent  gases,  but 
not  the  slightest  trouble  has  been  experienced  with  them.  In  order 
to  test  the  thorough  reliability  of  the  tubes,  and  in  view  of  the  fact 
that  trouble  was  most  likely  to  arise,  if  at  all,  when  getting  up  steam, 
one  of  the  boilers  was  shut  in,  and  the  steam  let  down  day  after  day 
for  some  weeks,  and  then  raised  again  with  the  induced  draught ;  and 
there  was  an  entire  absence  of  any  signs  of  irregularity  or  trouble. 

When  the  boiler  is  steaming  freely,  an  iron  bar  inserted  through 
the  brickwork  to  a  point  near  the  ends  of  the  tubes  soon  becomes 
red-hot ;  and  the  temperature  as  taken  by  a  platinum-coil  pyrometer 
at  this  point  is  about  900 '  Fahr.  At  this  temjierature  it  appears 
to  be  of  little  importance  whether  the  cooling  agent  is  water  or 
steam,  so  long  as  the  circulation  is  kept  up.  This  circumstance  is 
most  interesting  in  view  of  Mr.  Durston's  Devonport  experiments, 
reported  in  his  presidential  address  to  the  Institute  of  Marine 
Engineers,*  as  to  the  permissible  limit  of  temperature  in  a  tube  or 
tube-plate,  which  he  places  at  about  750'  Fahr. ;  and  in  view  also  of 

*  "  Engineering,"  4  October  1895,  page  437.     See  also  Transactions  of  the 
Institution  of  Xaval  Architects,  189.^,  vol.  xxxiv,  page  132. 
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the  grave  doubts  that  are  frequently  expressed  as  to  the  safety  of 
steel  tubes  exj)osed  to  furnace  temperatures  without  a  perfect 
circulation  of  water  on  the  other  side  of  the  metal.  What 
temperature  the  tubes  actually  reach  the  author  is  unable  to  state ; 
but  the  steam  coming  out  of  them  is  over  600°  Fahr.  The  tube-plates 
would  be  lower  in  temperature  than  the  outer  ends  of  the  tubes, 
because  the  gases  are  drawn  downwards  and  away  from  the  plates  by 
the  draught.  No  trace  of  leakage  at  any  one  of  the  tube  ends  has 
yet  appeared. 

A  further  test  of  the  boiler  with  the  induced  draught  was  made 
on  2nd  January  1896.  It  was  not  possible  to  shut  olf  part  of  the 
steam  ring-main,  and  to  use  the  steam  on  certain  steam-dynamos 
■only,  measuring  the  electrical  output  from  them,  as  had  been  done 
in  the  two  former  tests ;  an  evaporative  test  only  was  therefore 
arranged  for.  The  stop-valve  temperature  was  measured  about  five 
feet  from  the  stop-valve  at  the  boiler,  on  a  branch  pipe  about  ten 
feet  long,  connecting  the  boiler  with  the  main  ring.  A  mercury 
thermometer  in  a  mercury  cup  let  into  the  steam-pipe  was  used  in 
this  position.  Being  anxious  to  get  the  temperature  of  the  steam 
between  the  superheater  and  the  radiating  pipes  in  the  drum,  the 
author  had  tried  mercury  thermometers,  which  failed.  The 
difficulties  due  to  the  high  pressure  and  temperature  were 
successfully  overcome  however  by  Mr.  Frederic  W.  Burstall,  to  whose 
ingenuity  and  kindness  in  co-oj)eration  the  author  is  indebted  in 
this  matter.  With  a  temperature  of  1,058^  around  the  superheating 
tubes,  steam  entering  at  362°  left  them  at  650°,  and  after  passing 
through  the  radiating  pipes  in  the  drum  left  the  boiler  at  4.03°  Fahr. 
The  principal  results  are  given  in  Table  8  (page  156),  the  boiler  being 
fired  with  Welsh  steam  coal.  It  will  be  noted  that  tlie  apj)lication  of 
the  superheater  together  with  a  stronger  draught  has  increased  the 
capacity  of  the  boiler  by  140  per  cent.,  or  raised  the  evai^oration 
from  3,457  lbs.  per  hour  (Table  6)  to  8,294  lbs.  without  increasing  the 
space  occupied :  which  is  a  most  important  gain,  and  a  saving  both 
in  capital  and  in  rent.  In  comparing  the  temperature  here  given  of 
the  gases  leaving  the  boiler  with  those  given  in  Table  6,  it  should 
be  noted  that  in  Table  8  the  temperatures  were  taken  bet  Acen  the  back 
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TABLE    8.— Test  of  Bahcoch  and    Wilcox  Boiler 

Jilted  icith  McPhail  and  Simpsons'  SiqjerJieater. 

See  Plate  35. 

Date  of  Trial  . 
Duration  of  Trial 
Coal  burnt,  total 

„  „  jier  hour 
Ash  and  Clinker,  dry 
XVater  evaporated,  total 

,,  „  per  hour 

Boiler  Pressure  above  atm.  per  square  inch 
Temperature  corresponding  with  pressure 
Mean  Temperature  of  Steam  at  stop-valve 
Degrees  of  Superheat  .... 
IMean  Temperature  of  Feed- water 
Actual  Water  evaporated  per  lb.  of  coal 

M  „  „  „     „    „  combustible 

Water  evaporated  per  lb.  of  coal  from  and  at  212=  F. 

„  „  „    „    „  combustible     „      „    „ 

Coal  burnt  per  sq.  ft.  of  grate  per  hour. 
Water  evaporated  per  sq.  ft.  of  heating  surface  iiqt  hour 
Temperature  of  gases  leaving  boiler 
Mean  chimney  draught,  inches  of  water 

tubes  and  the  wall  iu  wliicL  is  situated  the  damper  communicating 
with  the  flue.  In  Table  6  the  temperatures  were  taken  in  the  flue, 
where  the  gases  are  cooled  by  the  influx  of  cold  air  through  the- 
damper  slots,  and  by  any  leakage  through  the  other  boiler,  which 
was  shut  oS  at  the  time. 


.     189G 

Jan.  2, 

hours 

S 

.     lbs. 

8,05a 

.     lbs. 

1,006-25 

.     lbs. 

47G 

.     lbs. 

06,350 

.     lbs. 

8,294 

.     lbs. 

145-3 

.     Fahr. 

363-4=- 

Fahr. 

400-8^ 

.     Fahr. 

37-4° 

.     Fahr. 

48° 

lbs. 

8-24 

.     lbs. 

8-76 

.     lbs. 

10-16 

.     lbs. 

10  84 

.     lbs. 

29-25 

.     lbs. 

4-37 

.     Fahr. 

654° 

.     inch 

1-11 

Schicoerer's  Supcrliealer. — The  superheater  illustrated  in  Plates  36 
and  37  is  the  invention  of  Mr.  Emile  Schwoerer  of  Colmar,  Alsace,  who 
was  for  some  time  private  secretary  to  the  late  Mr.  G.  A.  Him.  It  was 
Mr.  Hirn  who  first  took  up  superheating  seriously  ;  and  it  is  due  to 
his  energy  that  so  much  has  been  done  with  it  in  practical  working 
in  Alsace.  Mr.  Schwoerer's  improvements  were  in  the  direction  of 
reducing  the  siiaco  occupied  by  the  apparatus  ;  and  he  attained  this 
end  by  employing  a  coil  of  pipes  with  gills  on  them  both  iuside  and 
outside,  thus  getting  large  surfaces  in  a  small  bulk.     Eegulation  of 
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the  superheat  by  deflecting  the  hot  gases  away  from  the  tubes,  rather 
than  by  varying  the  proportion  of  the  total  steam  passing  through  the 
tubes,  is  due  to  Mr.  Schwoerer :  though  this  regulation  does  not 
ajipear  to  have  been  generally  carried  out.  By  the  courtesy  of 
Professor  W.  Cawthorne  Unwin  the  author  is  enabled  to  give  the 
tests  in  Table  9  (page  157)  of  Schwoerer  superheaters  in  Alsace, 
some  of  which  were  carried  out  by  himself  and  others  by  Mr.  Walther 
3Ieunier,  engineer-in-chief  of  the  Alsatian  Association  of  Steam 
Users.  It  will  be  noted  that  in  tests  1,  3,  5,  9,  one  more  boiler  was 
req^uired  to  do  the  work  when  saturated  steam  was  being  used  at 
the  engine.  The  boilers  were  of  the  elophant  kind,  with  Green's 
economisers. 

An  application  of  the  Schwoerer  superheater  has  been  made  by 
Messrs.  James  Simpson  and  Co.  to  a  Babcock  and  Wilcox  water-tube 
boiler  at  the  Grand  Junction  Water  Works,  Kew  Bridge.*  The 
arrangement  is  shown  in  Plates  36  and  37.  The  boiler  is  of  the 
same  size  as  those  fitted  by  the  author  with  McPhail's  apparatus  at 
Maiden  Lane.  Full  details  of  the  trials  unfortunately  cannot  be 
obtained ;  but  the  saving  effected  is  satisfactory.  Tests  were 
conducted  by  Mr.  Osbert  Chadwick  before  and  after  the  superheater 
was  fixed,  with  the  following  results.  Table  10. 

TABLE  10. 

Boiler  Tests  Without  and  With  Scliwocrer's  Superheater. 

See  Flutes  86  and  37. 


Date 

21  Jan.  93 

20  Dec.  93 

22  Feb.  94 

13  Mar.  94 

Degrees  of  Superheat,  Fahr. 

0° 

57-7° 

109-5° 

57-0' 

Steam  per  Pump  H.P.  i 
per  hour,  ) 

20-98 

19-71 

18-75 

19-48 

Saving  effected,        per  cent. 

6-05 

10-63 

6-75 

A  test  was  also  conducted  by  Mr.  Goodman,  the  Superintending 
Engineer  at  the  pumping  station,  under  ordinary  working  conditions 
from  8  December  1894  to  5  January  1895,  the  engine  and  boiler 
being  kept  continually  at  work.  The  fuel  used  was  86  "98  per  cent, 
anthracite  peas  and  13-02  j^er  cent,  breeze,  the  draught  being 
assisted  by  a  Meldrum  blower.     The  results  then  obtained  were  : — 

•  "  Engineering,"  29  March  1805,  page  403. 
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Duration  of  trial  .... 

723* 

hours 

Feecl-'NVater  jier  hour     . 

3223 

lbs. 

Fuel  per  hour        .... 

471 

lbs. 

Steam  per  Pump  Horse-power  per  hour 

17-74 

lbs. 

Fuel      „      „            „        „        „      „ 

2-58 

lbs. 

Mean  Superheat   .... 

121° 

Fahr. 

159 


These  results  showed  a  saving  of  about  15  per  cent,  on  what  had 
been  obtained  before  the  Schwoerer  superheater  was  fixed. 

This  type  of  superheater  is  also  made  by  Messrs.  Fraser  and 
Chalmers,  Erith,  who  have  one  in  constant  use  at  their  works. 

Sinclair's  Superheater. — Another  form  of  superheater  is  shown  in 
Plate  38,  which  is  due  to  Mr.  George  Sinclair  of  Leith.  There  is 
here  a  departure  from  the  usual  method  of  securing  the  tubes,  which 
in  this  apparatus  are  flanged  and  bolted  to  the  cross  inlet  and  outlet 
pipes,  instead  of  being  expanded  into  them.  In  such  positions  an 
expanded  joint  is  generally  considered  desirable ;  but  here  the  joints 
are  removed  from  the  action  of  the  hot  gases,  and  a  bolted  joint  gives 
much  greater  facilities  for  removing  a  tube  in  order  to  examine  or 
clean  it.  In  Plate  38  the  apparatus  is  shown  in  conjunction  with  a 
marine  di-y-back  boiler,  as  fitted  by  Professor  Kennedy  at  the 
Edinburgh  Electric  Lighting  Station.  The  arrangement  is  very 
compact,  and  should  prove  highly  economical.  The  hot  gases  from 
the  smoke-box  at  the  front  are  led  to  the  back  over  the  top  of  the 
boiler,  passing  among  the  superheating  tubes ;  thence  down  the  sides 
of  the  boiler  to  the  centre  flue  underneath  it.  The  apparatus  was 
described  in  Mr.  Burstall's  paper  read  at  the  last  Autumn  Meeting 
{Proceedings  1895,  page  652),  and  in  the  discussion  Professor  Kennedy 
stated  that  further  tests  were  then  in  hand;  the  author  would  be  very 
glad  if  the  present  should  be  considered  a  convenient  opportunity  for 
publishing  the  results  of  them.     [See  Table  12,  page  166.] 

It  is  much  to  be  regretted  that  so  little  has  been  done  as  yet 
with  superheated  steam  at  the  engine.  In  nearly  every  instance  the 
superheat  appears  to  be  gone,  if  not  at  the  steam-chest,  at  any  rate 
immediately  on  admission  to  the  cylinder.     But  even  under  these 
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circumstances  the  advantage  of  snperlieating  is  manifest  from  many  of 
the  tests  given  above ;  and  it  must  be  recognised  that,  although  the 
steam  may  be  cooled  down  again  to  the  temperature  corresponding 
with  the  pressure,  it  is  still  dry  steam,  and  is  a  better  working  gas 
than  the  saturated  solution  of  water-dust  supplied  by  an  ordinary 
boiler.  The  desirable  amount  of  superheat  has  been  generally 
considered  to  be  the  equivalent  of  the  heat  lost  by  initial 
condensation  ;  but  this  does  not  obtain  in  jiractice.  The  amount  of 
heat  lost  in  initial  condensation  is  generally  from  20  to  25  per  cent, 
of  the  total  heat  of  the  steam  above  boiling  point.  Tests  vdth 
superheated  steam  show  a  saving  of  20  per  cent,  with  only  5  per 
cent,  extra  heat  in  the  steam.  This  point  has  been  brought  out 
clearly  by  Mr.  AV.  H.  Booth  in  his  paper  en  cylinder  condensation, 
read  to  the  Manchester  Association  of  Engineers  on  26th  October 
1895,  wherein  it  was  shown  that  the  amount  of  superheat  is  but  little 
in  excess  of  that  necessary  to  supply  the  heat  required  for  making 
good  the  latent  heat  which  disappears  as  work  during  expansion. 

"When  preparing  to  respond  to  the  request  that  he  would 
contribute  a  jiaper  giving  his  own  experience  with  superheating,  the 
author  found  that,  although  a  great  deal  had  been  done,  but  little 
information  on  this  subject  was  to  be  met  with  in  the  Institution 
Proceedings,  He  has  therefore  endeavoured  to  the  best  of  his  ability, 
during  a  particularly  busy  winter,  to  fill  up  the  blank  by  collecting 
and  recording  all  the  data  that  he  is  himself  possessed  of.  It  is  not 
imagined  that  the  superheaters  here  described  make  uj)  a  complete 
list ;  and  it  is  hoped  that  any  which  have  not  been  included  in  the 
l)aper  will  be  dealt  with  to  better  advantage  by  speakers  in  the 
discussion.  The  theory  and  advantages  of  superheating  at  the 
engine  have  not  been  touched  ui)ou,  not  only  fur  want  of  space, 
but  also  in  the  hope  that  some  member  of  the  Institution  who  has 
given  the  subject  much  attention  may  be  tempted  to  contribute  a 
comprehensive  paper  thereon.  In  conclusion  the  author  desires  to 
thank  the  several  gentlemen  and  firms  who  have  kindly  given  him 
information  and  plans. 
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Discussion,  31  January  1896. 

Mr.  Patchell  said  that  in  the  test  reported  in  Table  1  (page  139) 
of  a  Gehre  suj)erheater  he  could  not  understand  how  the  evaporation 
per  lb.  of  coal  could  go  up  from  7  •  82  lbs.  without  the  superheater 
to  9*99  lbs.  with  the  superheater.  The  test  had  been  made  in 
Germany,  and  these  were  the  original  figures  supplied  to  Mr.  Donkin  ; 
and .  he  had  not  been  able  to  obtain  any  further  information  about 
them.  If  a  boiler  was  hard  worked,  the  addition  of  a  superheater 
might  improve  the  evaporation  slightly,  because  the  engine  working 
with  superheated  steam  would  take  less  steam  ;  conseq[uently  the 
boiler  would  have  to  evaporate  less,  and  the  efficiency  might 
thereby  be  slightly  increased ;  but  he  should  not  expect  quite  so 
large  a  difference  as  was  shown  in  Table  1. 

The  tests  reported  in  Table  9  (page  157)  of  Schwoerer 
superheaters  could  now  be  supplemented  by  the  later  tests  given  in 
Table  11  (pages  162-8),  which  Mr.  Schwoerer  had  been  good 
enough  to  send,  and  in  which  it  would  be  seen  that  the  superheat 
had  gone  uj)  considerably — to  as  high  as  251^  Fahr.  These  higher 
degrees  of  superheat  were  naturally  those  measured  at  the  boiler  or 
superheater,  not  at  the  engine.  The  economy  of  coal  was  seen  to 
range  from  19*8  up  to  28 '6  per  cent,  in  Mr.  Meunier's  tests;  while 
it  was  only  16-5  per  cent,  in  the  test  made  by  Mr.  Isambert,  who 
was  the  engineer-in-chief  of  the  Baden  Association  of  Steam  Users 
at  Mannheim. 

AYith  the  boilers  in  Maiden  Lane,  since  making  the  test  on 
2nd  January  described  in  the  paper  (pages  155-6),  he  had  made 
two  further  tests,  mainly  for  the  purjiose  of  trying  the  stokers  one 
against  the  other.  Each  man  fired  the  same  boiler,  and  each  test 
lasted  eight  hours.  One  stoker  got  an  average  evaporation  of 
8,758  lbs.  of  water  per  hour,  but  the  water  evaporated  per  lb.  of  coal 
went  down  to  7  •  9  lbs.  The  other  stoker  appeared  to  be  the  best, 
getting  an  average  evaporation  of  10,125  lbs.  of  water  per  hour, 
while  the  water  evaporated  per  lb.  of  coal  was  8  •  3  lbs.,  or  slightly 
more  than  the  8  •21  lbs.  given  in  Table  8  (page  156).  When  it  was 
(^continued  on  page  104.) 
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<Mr.  Patchell.) 

•considered  that  this  was  nearly  three  times  what  the  boilers  had 
originally  been  doing,  he  thought  it  sjioke  well  both  for  the 
suj)erheating  apjiaratus  and  for  the  stokers. 

Professor  Alexander  B.  W.  Kennedy,  Past-President,  said  it  had 
'been  mentioned  by  Professor  Barr  on  the  previous  evening  that 
while  President  he  had  been  to  some  extent  responsible  for  getting 
"the  paper  on  the  range-finder.  He  had  also  been  responsible  for 
asking  Mr.  Patchell  for  the  present  paper  ;  and  if  he  had  done 
nothing  else  during  his  two  years  of  office  than  obtain  these  two 
papers  for  the  Institution,  he  should  be  happy  to  think  he  had  been 
instrumental  in  conferring  some  permanent  benefit  on  the  Members. 

In  the  discussion  on  the  Edinburgh  electric  lighting  station  at  the 
last  meeting  the  question  of  superheating  had  come  up  in  connection 
with  the  superheaters  there  used  ;  he  had  then  promised  that,  as 
soon  as  he  had  any  information  to  give,  he  would  lay  it  before 
•the  Institution.  He  had  now  particular  pleasure  in  doing  so  in 
connection  with  the  mass  of  useful  information  given  in  the  present 
paper.  At  the  previous  meeting  he  had  mentioned  that  he  was  not 
able  to  report  having  got  much  superheating  up  to  that  time :  which  he 
had  then  attributed  to  a  small  extent  to  errors  in  the  thermometers, 
and  to  a  large  extent  to  the  want  of  proper  covering  on  the 
superheaters.  That  explanation  however  he  had  found  was  not 
<]^uite  correct:  the  unsatisfactory  figures  obtained  were  only  to  a  J 
small  extent  due  to  the  want  of  proper  covering  on  the  superheaters,  " 
but  to  a  very  large  extent  to  the  great  difficulty  of  getting  the 
thermometers  to  read  rightly  under  the  circumstances,  which  had 
altogether  misled  him  for  a  considerable  time.  The  difficulty  was 
partly  got  over  by  a  special  treatment  of  the  mercury  thermometers, 
which  after  a  while  could  be  read  with  reasonable  accuracy ;  and 
was  finally  got  over  altogether  by  the  use  of  platinum  thermometers 
-designed  by  Mr.  Burstall,  which  had  proved  highly  successful. 
These  instruments  ho  hoped  Mr.  Burstall  would  himself  describe 
later  on  in  the  discussion ;  so  that  he  need  not  enter  into  any 
description  of  them  at  present.  A  great  many  experiments  had  been 
made  with  the  Edinburgh  superheaters,  which  had  been  in  continuous 
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use  since  April  last.  As  however  the  superheaters  hacl  beeu 
continuously  in  use,  it  was  not  easy  to  get  comparative  figures  as 
to  their  benefit ;  but  during  the  previous  week  he  had  got  one  engine 
and  one  boiler  isolated,  all  the  rest  of  the  steam  pipes  being  shut 
off",  and  he  ran  that  particular  boiler  and  engine  on  one  day  with  the 
superheater  and  on  one  day  without.  The  figures  so  arrived  at 
might  be  taken  as  being  exact,  because  everything  could  be  accurately 
measured.  From  Mr.  Monkhouse,  the  resident  engineer  of  the 
station,  he  had  also  received  the  actual  figures  of  24  hours'  working 
of  the  whole  station  with  and  without  the  whole  of  the  superheaters. 
These  latter  figures  were  of  course  just  the  result  of  whatever  happened 
to  be  the  state  of  things  at  the  time,  and  therefore  they  were 
not  so  exact  as  the  others.  He  rather  thought  they  were  unduly 
unfavourable  to  the  suj)erheaters ;  but  anyhow  he  had  much  pleasure 
in  giving  the  four  sets  of  figures.  In  the  24  hours'  trial  without 
suiDerheating,  the  consumption  of  feed- water  was  52*1  lbs.  per 
kilowatt-hour ;  and  on  the  previous  day,  with  superheating,  it  was 
47*6  lbs.,  showing  a  saving  in  steam  of  about  9  per  cent.  During 
the  same  time  the  coal  consumption  per  kilowatt-hour  was  6  •  5  lbs. 
■without  superheating,  and  5  •  8  lbs.  with,  showing  a  saving  of  about 
11  per  cent.  The  difference  in  coal  was  an  indirect  result  which 
could  here  be  accounted  for  without  any  of  the  difficulty  that  was 
naturally  experienced  in  the  case  mentioned  by  Mr.  Patchell  in 
page  161.  It  might  be  said  therefore  that  during  a  reasonably 
accurate  test  of  24  hours'  work  there  was  a  saving  of  roughly  10  per 
cent,  by  superheating.  By  taking  j^the  more  exact  measurements 
which  could  be  made  in  running  a  single  engine  at  full  power 
during  the  whole  day  separately  from  the  main  circuit,  the 
following  figures  had  been  obtained,  as  shown  in  the  accompanying 
Table  12  (page  166)  : — without  any  superheating,  the  consumption 
of  feed-water  was  42*2  lbs.  per  kilowatt-hour;  while  with  an 
amount  of  superheating  which  averaged  65°  Fahr.  at  the  engine, 
the  consumption  was  reduced  to  32  •  7  lbs.  of  water.  At  the  same 
time,  owing  to  the  better  working  of  the  boiler,  and  more 
particularly  to  the  fact  that  the  dampers  could  be  handled  better, 
and  the  proportion  of  carbonic  acid  be    thereby  increased  in  the 
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furnace  gases,  the  evaporation  was  raised  from  8  •  6  lbs.  of  water  per 
lb.  of  coal  to  9  •  3  lbs.  of  water  under  standard  conditions,  the  coal 
being  only  small  washed  nuts,  not  the  Welsh  coal  of  ordinary  trials. 
These  figures  corresponded  with  a  difference  of  about  22  per  cent,  in 
favour  of  superheating,  which  was  a  very  important  saving.  At 
times  of  full  load  the  superheat  at  the  boilers  ran  up  to  80°  and  85°, 
the  average  being  about  70"  to  75°  at  the  boilers ;  and  practically 
this  amount  of  superheat  was  actually  gained  in  the  steam-chests  of 
the  engines  nearest  to  the  boilers,*  while  the  superheat  dropped  to 
about  48°  on  the  side  of  the  engine-room  furthest  away  from  the 
boilers.  There  was  therefore  no  doubt  that  he  had  really  succeeded 
in  getting  substantial  superheat  at  every  engine  throughout  the  whole 
engine-room.  But  it  was  interesting  to  note  that,  when  the  average 
superheat  at  the  engine  was  reduced  to  30°,  the  saving  in  steam  per 
kilowatt-hour  was  only  11  per  cent.,  as  against  22  per  cent,  when  the 
superheat  had  been  65°  at  the  engine  :  so  that  it  was  clear  that  65° 
of  superheat  was  not  in  the  least  too  high.  Put  in  another  form,  the 
result  was  simply  this :  — the  particular  engine  experimented  on  was  a 
Willans  non-condensing  compound  machine,  which  when  it  was 
tested  at  the  makers'  works  at  Thames  Ditton,  with  the  steam 
measured  as  it  came  out  of  the  engine,  took  24  •  2  lbs.  of  water  per 
electrical  horse-power  per  hour.  That  same  engine  running 
without  superheat  at  the  Edinburgh  station  took  31 '  3  lbs. ;  but 
when  65°  of  superheat  was  added,  the  consumption  came  down  again 
to  24*5  lbs.,  or  practically  what  it  had  been  at  Thames  Ditton. 
This,  he  imagined,  simply  meant  that  the  balance  was  the  loss 
which  would  otherwise  have  occurred  in  the  steam,  comprising  both 
the  loss  between  the  boiler  and  the  engine,  and  also  the  great  loss  due 
to  the  increase  of  cylinder  condensation  caused  by  starting  with  wet 
initial  steam.  The  superheating  had  thus  saved  all  the  loss  in  the 
steam-pipes,  and  had  also  brought  the  steam  into  the  engine  in  a 
condition  in  which  it  did  not  so  easily  lend  itself  to  heavy  initial 
condensation. 


*  See  plan  of  Edinburgh  station  in  connection  -with  Mr.  Burstall's  paper. 
Proceedings  1895,  Plate  150,  Fig.  12. 
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In  describing  the  aim  of  superheating  (page  135),  he  should 
be  disposed  to  include  not  only  the  counteracting  of  cylinder 
condensation,  but  also  the  saving  of  the  large  amount  of  loss  which 
occurred  undoubtedly  by  radiation  from  steam-pipes,  flanges,  and  so 
on.  In  Edinburgh  not  only  were  the  steam-pipes  and  boilers 
covered,  but  all  the  flanges  were  also  carefully  covered,  which  was 
no  doubt  partly  the  reason  why  so  much  superheat  was  obtained  at  so 
long  a  distance  from  the  boilers.  The  actual  fall  of  pressure  in  the 
steam-pipes  from  the  boilers  to  the  most  distant  engine,  during  a 
good  many  hours  at  full  load,  was  from  4  lbs.  to  5  lbs.  only. 

Historically  he  had  one  recollection  which  he  should  like  to 
mention,  in  order  to  add  to  the  author's  memoranda  on  this  subject. 
The  firm  with  whom  he  was  apprenticed,  Messrs.  J.  and  W.  Dudgeon, 
of  Mill  wall,  had  from  1860tol8G8  made  a  great  many  marine  engines 
with  superheaters.  Their  superheater  consisted  of  an  annular  vessel 
placed  on  the  top  of  the  boiler,  and  forming  really  the  base  of  the 
funnel.  The  steam  was  taken  from  the  boiler  into  the  top  of  this 
annular  vessel,  and  made  to  circulate  through  passages  up  and  down 
and  around,  and  finally  went  away  into  the  engines  from  the  vessel  on 
the  opposite  side  to  its  entrance.  The  boiler  pressure  was  about  25  lbs. 
per  square  inch  above  atmosphere  ;  and  in  those  days  he  was  afraid 
the  boiler  steam  must  have  been  very  wet,  for  over  and  over  again 
large  solid  chunlcs  of  carbonate  of  lime  used  to  be  got  out  of  the 
bottom  of  the  superheaters,  three  or  four  inches  thick  and  eight  or 
nine  inches  long.  They  must  have  come,  he  presumed,  with  the 
water  which  was  carried  over  by  the  steam  in  the  first  instance; 
and  this  he  believed  was  what  had  led  to  the  superheaters  being 
given  up. 

Any  method  of  increasing  the  output  of  boilers,  such  as  that  on 
which  the  author  had  specially  commented  (page' 164),  was  a  matter 
that  affected  all  engineers  closely.  If  they  were  going  to  get  double 
or  treble  the  duty  tliat  they  could  at  present  out  of  the  same  number 
of  cubic  feet  of  boiler  house — and  the  author  apparently  thought  he 
saw  his  way  to  getting  it — they  would  really  be  doing  quite  as 
important  a  thing  as  if  they  were  saving  10  or  15  per  cent,  in 
other  directions. 
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Mr.  Michael  Loxgridge  said  tliere  were  two  questions  'wliicli 
would  present  themselves  to  everyone  who  had  to  design  a 
superheater : — first,  what  degree  of  superheat  should  be  aimed  at ; 
and  second,  how  was  it  to  be  obtained.  In  the  paper  various 
degrees  of  superheat  were  mentioned ;  and  the  lowest  of  these, 
namely  45^  (Table  2,  page  141),  was  said  to  have  effected  a  saving 
of  19  per  cent,  in  coal.  So  large  a  saving  he  thought  could  not  be 
credited  to  superheating.  In  Table  9  (page  157)  savings  of  17^  and 
20  per  cent,  of  steam  were  said  to  have  resulted  from  superheating 
118°  and  102°  respectively  ;  but  he  doubted  whether  such  large 
savings  could  be  made  by  superheating  practically  dry  steam  by  so 
little  as  100°.  It  seemed  to  him  that  the  great  economies  obtained 
were  due  in  part  to  the  fact  that  without  the  superheaters  the  boilers 
supplied  water  as  well  as  steam  to  the  engines ;  and  this  belief  was 
strengthened  by  a  remark*  in  the  report  from  which  the  table  was 
compiled,  and  by  the  fact  that  the  boilers  to  which  the  superheaters 
were  attached  were  elephant  boilers — a  type  that  often  gave  trouble 
by  priming — and  were  connected  to  the  engine  by  a  pipe  125  feet 
long.  Anyone  expecting  an  economy  of  20  per  cent,  from 
superheating  steam  from  a  Lancashire  boiler  he  feared  would  be 
disappointed.  A  saving  of  20  per  cent,  was  a  large  amount ;  it 
meant  suppressing  a  large  proportion  of  the  initial  condensation  in  a 
well  made  cylinder.  In  some  cases  where  he  had  made  the 
calculation  he  had  found  that  the  heat  supplied  by  a  steam-jacket 
was  sufficient  to  superheat  the  steam  passing  through  the  cylinder 
by  40°  to  80°  according  to  circumstances  ;  but  jackets  were  far  from 


*  "The  water  level  in  the  boilers  was  kept  very  nearly  constant  by  an 
automatic  apparatus.  The  variation  of  level  in  the  gauge  glasses  in  individual 
boilers  hardly  exceeded  2  inches,  and  the  mean  level  of  all  the  boilers  in  use 
varied  1  inch,  throughout  the  trials.  The  level  in  the  gauge  glasses'  was 
evidently  affected  somewhat  by  the  variation  of  density  of  the  mixture  of 
steam  and  water  in  the  boilers  and  by  the  oscillations  due  to  steaming.  Hence, 
I  have  come  to  the  conclusion  that  it  is  more  accurate  to  assume  the  quantity  of 
water  in  the  boilers  constant  throughout  the  trials,  than  to  attempt  any 
correction  for  variation  of  level."  Eeport  on  Mr.  Emile  Schwoerer's  system  of 
superheating  steam,  by  Professor  W.  Cawthorne  Unwin,  F.E.S.,  4  May  1893. 


170  STEAM    SUPERHEATING.  ApniL  1896. 

(Sir.  Michael  Longiidge.) 

preventing  initial  condensation.  Of  course  the  amount  of  heat 
passing  through  a  jacket  would  be  more  effective  if  supplied  at  a 
higher  temperature  to  the  inside  of  the  cylinder ;  still  he  thought 
it  would  not  prevent  initial'  condensation.  On  the  other  hand 
the  heat  absorbed  by  the  cylinder  walls  during  admission  was 
sufficient  to  superheat  the  steam  by  400^  to  500°.  It  would  not 
be  necessary  to  provide  the  whole  of  this  heat,  if  it  were  supplied  in 
superheated  steam,  because  the  cooling  action  of  the  walls  would 
then  be  less  energetic ;  but  unless  there  were  sufficient  superheat  to 
keep  the  steam  dry  not  only  during  admission  but  throughout  the 
stroke,  that  cooling  action  would  always  bo  considerable.  He 
thought  however  that  400°  of  superheat  was  a  limit  which  it  would 
not  be  necessary  to  exceed.  As  an  indication  of  what  was  required, 
he  might  refer  to  an  experiment  he  had  made  with  a  non-condensing 
Corliss  engine  having  an  arrangement  of  valves  on  the  inside  of  the 
covers,  through  which  air  at  a  temperature  of  about  500°  Fahr. 
entered  the  cylinder  during  the  exhaust  stroke,  wiping  it  out  and 
drying  the  walls.  A  constant  stream  of  hot  aii-  flowed  through  the 
jacket.  With  a  boiler  pressure  of  116  lbs.  and  a  cut-off  at  16  per 
cent.,  the  engine  consumed  20*5  lbs.  of  steam  and  about  73  lbs.  of 
air  per  indicated  horse-power  per  hour.  Both  steam  and  air  escaped 
at  a  temperature  of  about  212°  ;  so  that  the  heat  lost  by  the  air  was 
sufficient  to  have  superheated  the  steam  to  500°,  or,  if  the  superheat 
in  the  air  only  were  considered,  to  280°.  Yet  there  was  at  least 
10  per  cent,  of  water  present  at  cut-off.  But  perhaps  the  best 
example  to  consider  was  Schmidt's  engine  and  superheater,  mentioned 
by  Professor  Unwin  in  his  "  James  Forrest "  lecture  (Proceedings 
Inst.  C.  E.,  1895,  vol.  cxxii,  pages  177-8)  as  consuming  10*2  lbs.  of 
steam  per  indicated  horse-power  per  hour.  Trials  of  this  engine  by 
Professor  Schroter  were  reported  in  "  Engineering  "  of  25  January 
and  22  March,  1895.  The  superheat  at  the  cylinder  was  230°  in  one 
test  and  283°  in  another  ;  at  the  boiler  it  was  288°  and  300°.  With 
230°  superheat  the  steam  in  the  high-pressure  cylinder  was  dry  almost 
to  the  end  of  the  stroke,  and  with  283°  quite  to  the  end.  In  the  low- 
pressure  cylinder  however  there  was  16  per  cent,  of  water,  although 
the  piston  and  part  of  the  surface  of  the  walls  were  jacketed  with 
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steam  at  280°  superheat.  This  example  lie  thought  showed  that,  in 
order  to  obtain  the  highest  economy,  it  was  necessary  to  go  in  for  a 
high  degree  of  superheat.  With  an  ordinary  length  of  steam  pipe 
he  thought  the  best  results  would  not  be  obtained  with  less  than 
300°  or  350^  superheat  in  the  superheater ;  and  even  then  the  last 
example  seemed  to  indicate,  as  would  be  expected,  that  in  the  case 
of  a  compound  or  triple  engine  the  beneficial  effect  of  the 
superheating  would  be  confined  to  the  first  cylinder.  This 
appeared  to  him  to  be  the  answer  to  the  first  question. 

In  considering  the  further  question,  how  this  degree  of  superheat 
was  to  be  obtained,  he  would  refer  to  the  figures  in  Table  13 
(pages  172-3).  These  were  compiled  partly  from  experiments  he 
had  himself  made  with  the  McPhail  and  Simpsons  superheater,  and 
partly  from  the  experiments  of  others.  Column  1  was  derived  from 
Table  1  in  the  paper ;  and  column  10  from  Table  2,  on  the  supposition 
that  the  quantities  of  steam  passing  through  the  superheater  and 
by-pass  valves  were  proportional  to  the  areas  of  the  two,  and  that 
the  superheat  of  45°  was  the  superheat  after  the  mixture  of  the  two 
currents,  and  not  the  superheat  of  the  steam  leaving  the  superheater. 
In  column  10  he  had  had  to  estimate  the  temperature  of  the  gases ; 
the  figures  so  estimated  were  enclosed  in  brackets.  Column  2  was 
from  an  experiment  with  a  Gehre  superheater,  communicated  to  him 
by  Mr.  Donkin ;  and  here  again  the  temperature  of  the  gases  was 
estimated.  The  next  seven  columns  3  to  9  were  founded  on 
Professor  Schroter's  trials  of  Schmidt's  superheater.  This 
superheater*  consisted  of  two  coils  of  pipe ;  the  first  coil,  called  the 
"  preheater,"  was  placed  in  the  hottest  gases,  and  received  steam  and 
water  from  the  boiler,  both  the  heating  surfaces  and  the  water 
surface  of  the  boiler  being  so  small  as  to  encourage  priming.  After 
being  dried  in  the  preheater,  the  steam  passed  into  a  separator,  and 
then  into  the  second  coil,  or  superheater  proper,  through  which  it 
travelled  in  a  direction  contrary  to  that  of  the  gases.  The  figures 
in  columns  5  and  8  pertained  to  the  preheaters,  and  were  calculated 
on  the  assumption  that  the  steam  entering  the  preheater  contained 
(^continued  on  page  174.) 

*  "Engineering,"  25  January  1895,  page  112;  and  22  March  1895,  page  391. 
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20  per  cent,  of  water.  Columns  3-4-6-7-9  referred  to  the 
superheaters  proper.  The  lighter  figures  in  these  and  the 
remaining  columns  were  obtained  by  calculation  from  data  furnished 
by  the  trials,  and  could  be  considered  only  as  approximate. 
Column  11  was  taken  from  Table  8.  In  the  remaining  columns 
12  to  17,  compiled  from  his  own  experiments,  he  could  not  say  that 
the  temperatures  were  absolutely  correct,  as  he  had  no  platinum 
thermometer  when  the  experiments  were  made  ;  but  he  had  taken  a 
good  deal  of  trouble  at  the  time  to  ascertain  the  errors,  which  were 
considerable,  of  the  mercury-nitrogen  thennometers  used.  If  the 
figures  in  Table  13  were  even  approximately  correct,  they  showed 
that,  unless  there  were  a  considerable  difference  between  the 
temperatures  of  the  gases  and  of  the  steam,  a  large  superheater 
would  be  required  for  obtaining  the  superheat  desired ;  on  the 
other  hand,  where  there  was  a  difference  of  400"^  and  upwards,  a 
comparatively  small  surface  would  suffice.  The  exception  to  this 
conclusion  was  Musgrave  and  Dixon's  superheater,  whose  performance 
was  shown  in  column  10 ;  here,  although  the  difference  of  temperature 
was  440^,  and  the  quantity  of  steam  passing  through  the  superheater 
was  large  in  proportion  to  the  superheating  surface,  the  transmission 
of  heat  was  only  1  •  94  units  per  square  foot  per  hour  per  degree  of 
difference  in  temperature.  This  apparent  discrepancy  he  thought  was 
explained  by  the  drawing  of  the  superheater  in  Plate  33  ;  for  it 
seemed  to  him  that  the  gases  would  not  pass  through  the  superheater, 
but  would  go  direct  from  the  internal  flues  of  the  boiler  to  the 
bottom  external  flue.  The  author's  experiment  in  column  11, 
and  Mr.  Donkin's  in  column  2,  had  given  rates  of  transmission 
similar  to  his  own  exjieriments  in  columns  12  to  17.  On  the  other 
hand,  where  the  temperature  of  the  gases  was  low,  and  the  difference 
between  this  temperature  and  that  of  the  steam  was  also  low,  as  in 
column  1,  no  sufficient  superheat  was  possible  even  with  a  large 
superheater.  The  answer  to  the  second  question  therefore  seemed 
to  be  that  the  superheater  should  not  be  placed  in  waste  gases  of 
low  temperature,  but  in  a  hot  place.  In  the  latter  position  it  need 
not  be  large.  There  must  be  a  considerable  head  of  temperature, 
something  like  400^ ;  which  meant  that,  in  order  to  get  the  steam 
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up  to  600^  or  650^5  the  temperatiu-e  of  tlie  gases  should  be  about 
1,000^.  With  sucli  conditions  be  thought  a  heat  transmission  might 
be  counted  on  of  about  5  units  per  square  foot  of  surface  per  horn*  per 
degree  of  difference  in  temperature.  No  doubt  others  had  arrived 
at  substantially  the  same  conclusions,  but  had  hesitated  about 
exposing  a  superheater  to  so  high  a  temj)erature.  As  far  as  he 
could  learn  however,  Messrs.  McPhail  and  Simpsons,  having  the 
courage  of  their  opinions,  had  shown  that  a  superheater  could  be 
worked  in  such  a  temperature  without  rapid  deterioration  ;  and  due 
credit  he  thought  should  be  given  to  them  for  the  knowledge  their 
experience  had  provided.  The  high-temperature  superheater  he 
considered  should  be  coupled  to  the  main  steam-pipe  with  a  by-j)ass 
valve,  as  in  Musgrave  and  Dixon's  arrangement,  and  with  a  damper 
to  shut  off  the  gases  when  steam  was  not  passing.  There  should  also 
be  some  means  of  automatically  preventing  excessive  temperatui'e : 
such  as  a  thermometer  in  the  steam-j)ipe,  with  an  electrical 
arrangement  to  close  the  valve  of  the  superheater  when  the  mercury 
rose  to  600°  or  any  other  predetermined  temperature.  Such  an 
arrangement  he  had  seen  in  use  for  controlling  the  temperature  of 
a  greenhouse.  With  these  precautions  he  thought  steam  might  be 
superheated  to  600°  with  great  benefit. 

Mr.  John  S.  Eawoeth  noticed  that  in  the  tests  made  with  the 
Gehre  and  with  the  Musgrave  and  Dixon  superheater.  Tables  1  and  2, 
a  high  economy  of  coal  was  in  both  alike  attributed  to  the  use  of  the 
superheater.  It  must  not  be  supposed  however  that  the  boiler  had 
evaporated  more  water  per  pound  of  coal  than  it  did  without  the 
superheater.  If  the  superheater  were  placed  in  the  position  which 
no  doubt  was  best  for  it,  among  the  live  gases  of  the  boiler  furnace, 
it  was  quite  possible  that  it  might  detract  from  the  efficiency  of  the 
boiler  by  taking  away  some  of  the  heat  which  might  otherwise  have 
been  used  in  evaporating  water.  But  if  it  were  placed  in  the  waste 
gases,  which  Mr.  Longridge  had  already  pointed  out  (page  174)  was 
a  bad  place,  it  could  not  by  any  possibility  render  the  evaporative 
efficiency  of  the  boiler  either  any  better  or  any  worse,  except  in  so  far 
as  it  might  interfere  with  the  draught.    With  both  the  Gehre  and  the 
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Musgrave  and  Dixon  superheater  it  seemed  to  liim  tliat  the  high 
efficiency  attributed  to  the  superheater  was  due  simply  to  the  boiler 
having  happened  accidentally  on  the  occasion  of  using  the  superheater 
to  evaporate  a  much  larger  quantity  of  water  than  it  had  done  on  the 
preceding  occasion  without  the  superheater.  In  Lancashire  boilers 
experience  showed  that  if  the  top  coat  of  soot,  which  covered  the 
sides  of  the  boiler  under  ordinary  circumstances  to  about  half  an 
inch  in  thickness,  were  either  designedly  or  accidentally  removed, 
the  efficiency  of  the  boiler  would  be  improved  forthwith  about 
15  per  cent.  The  Lancashire  boiler,  as  had  been  pointed  out  by 
Mr.  Crompton  (Journal  of  the  Institution  of  Electrical  Engineers, 
26  April  1894,  page  408),  was  ordinarily  so  deficient  in  heating 
surface,  and  its  efficiency  therefore  so  low,  that  it  responded 
immediately  to  any  touch  which  improved  its  heating  capacity, 
either  by  the  sides  of  the  boiler  being  swept,  or  by  some  addition 
being  made  to  its  heating  surface,  as  for  instance  by  the 
addition  of  an  economiser.  In  Table  9,  on  the  other  hand,  it 
would  be  seen  that  in  Professor  L^^nwin's  tests  of  the  Schwoerer 
superheaters  the  evaporative  power  of  the  boilers  had  properly  been 
eliminated,  and  attention  was  entirely  confined  to  the  question 
whether  superheated  steam  was  more  economical  to  use  in  an  engine 
than  ordinary  saturated  steam.  That  point  was  brought  out  clearly,- 
and  the  results  were  fairly  consistent,  the  coal  economy  running 
fairly  alongside  of  the  steam  economy  :  while  the  coal  economy  in 
the  three  tests  was  17*6  and  18  "5  and  20-1  per  cent.,  the  steam 
economy  was  respectively  20  •  9  and  13  •  6  and  20  •  9  per  cent.,  showing 
that,  when  the  experiments  were  carried  out  intelligently,  the  saving 
in  coal  was  commensurate  with  the  saving  in  steam.  The  McPhail 
apparatus  was  called  a  superheater,  but  it  seemed  to  him  to  be  only 
accidentally  a  superheater  ;  for  it  would  be  noticed  that  in  some  of 
the  best  results  recorded  in  the  pajier  the  steam  was  scarcely 
superheated  at  all,  thereby  seeming  to  show  that  the  apparatus  was 
not  intended  primarily  to  aflfect  the  consumption  of  steam  in  the 
engine,  but  simply  to  improve  the  boiler  power.  Most  of  the  tables 
in  the  paper  did  not  give  the  effect  upon  the  engine  at  all,  but  simply 
the   effect  upon  the  boiler  in   the   improvement  of  its  evaporative 
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efficiency.  According  to  the  description  and  drawings  of  the 
apparatus,  the  steam  from  the  boiler  passed  into  the  superheater, 
and  having  there  collected  heat  from  a  live  and  active  part  of  the 
furnace  gases,  re-transmitted  this  heat  to  the  water  in  the  boiler, 
came  back  again  to  the  superheater,  picked  up  more  heat,  gave  this 
back  again  to  the  boiler,  and  then  went  on  its  way  to  the  engine 
with  but  little  superheat  in  it.  Thus  the  total  effect  of  the 
superheater,  which  showed  it  was  not  primarily  a  superheater,  was 
simply  to  transfer  heat  from  the  live  gases  of  the  furnace  to  the  water 
in  the  boiler.  In  a  boiler  which  was  originally  working  badly,  the 
natural  consequence  of  increasing  its  heating  surface  by  30  to  50  per 
cent,  was  a  better  evaporation ;  and  he  was  glad  to  accept  this  result 
as  following  the  natural  law  of  heat  transmission.  The  arrangement 
he  thought  had  certainly  one  advantage,  that,  the  superheating  tubes 
being  put  in  the  position  shown,  and  not  having  inside  them  water 
which  was  comparatively  cold,  the  soot  would  not  stick  on  them  so 
readily  as  it  would  on  water  tubes.  In  every  other  respect,  except 
the  final  residue  of  superheat,  it  seemed  to  him  that  the  apparatus  was 
simply'an  addition  to  the  boiler,  and  not  a  superheater.  In  Table  6  it 
would  be  noticed  that  the  water  consumption  of  39*7  lbs.  per  hour 
per  electrical  horse-power  with  the  superheater  was  a  better  result 
than  the  42  •  1  lbs.  without  the  superheater  ;  and  he  agreed  with  the 
explanation  given  in  page  150  as  to  why  the  result  was  not  quite  so 
satisfactory  as  might  have  been  exj^ected.  But  he  thought  it  was 
rather  hard  on  a  Willans  engine  to  be  associated,  immediately  after 
being  overhauled,  with  so  large  a  consumption  of  steam  as  42*1  lbs. 
per  hour  per  electrical  horse-power.  With  regard  to  the  increase 
in  the  capacity  of  the  boiler  and  the  improvement  in  the  steaming, 
which  were  commented  on  in  page  150,  he  understood  that  this  test 
had  been  made  by  Professor  Kennedy;  and  he  was  sure  therefore 
that,  in  arriving  at  the  boiler  efficiency  of  68  •  4  and  74  •  9  per  cent, 
with  cold  feed,  the  requisite  allowance  had  been  made  for  the 
temperature  of  the  feed-water. 

At  the  outset  of  the  paper  it  was  stated  that  steam  could  not  be 
superheated  in  the  presence  of  the  water  from  which  it  was  evaporated, 
owing  to  the  fact  that  the  water  took  up  the  heat  and  evaporated 
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into  further  saturated  steam ;  and  it  was  said  to  follow  as  a 
corollary  that  water  could  not  exist  in  the  presence  of  superheated 
steam.  The  latter  fact  might  be  perfectly  true,  and  he  had  no  doubt 
it  was  so  ;  but  he  considered  it  must  be  an  independent  fact,  and  not 
a  corollary  from  the  other  fact,  because  it  did  not  follow  that  the 
conditions  of  forming  a  thing  were  the  same  as  the  conditions  of  its 
existence  after  it  was  formed.  For  instance,  fine  cotton  yarn  could 
not  be  formed  in  the  presence  of  a  dry  atmosphere ;  but  it  did  not 
follow  that  a  dry  atmosphere  could  not  exist  in  the  presence  of  cotton 
yarn.  If  therefore  it  was  to  be  believed,  as  he  had  no  doubt  many 
engineers  did  believe,  that  water  could  not  exist  in  the  presence  of 
superheated  steam — at  all  events  not  much  water — it  must  be  clearly 
understood  that  this  must  be  accepted  as  an  independent  fact  which 
must  be  proved,  but  not  as  a  corollary  from  the  other  statement. 

Mr.  Henet  Davet,  Member  of  Council,  believed  it  was  pretty 
generally  accepted  that  superheating  was  conducive  to  economy ; 
but  notwithstanding  all  the  experiments  which  had  been  made,  the 
subject  was  still  in  a  somewhat  confused  state,  and  no  one,  as  far  as 
he  knew,  had  yet  been  able  to  say  exactly  what  economy  might  be 
expected  from  any  given  conditions  of  superheating.  Isherwood  in 
America  between  1860  and  1865  had  tested  the  Wethered  system  of 
superheating  in  the  engines  of  tlie  ship  "  Adelaide,"  and  had  found 
that  with  about  G0°  of  superheat  there  was  about  15  per  cent, 
economy  in  steam  per  indicated  horse-power.  So  large  an  economy 
for  so  moderate  an  amount  of  superheat  had  led  him  to  argue  that 
close  to  the  saturation  point  steam  expanded  irregularly.  But  there 
appeared  to  have  been  some  doubt  as  to  the  measurement  of  the 
superheat,  which  was  obtained  from  the  waste  heat  of  the  furnace, 
and  was  not  sufficient  to  prevent  cylinder  condensation  entirely. 
It  was  obvious  that,  if  the  superheat  was  obtained  from  the  waste 
heat  of  the  furnace,  it  was  then  a  boiler  economy.  It  was  at  the  same 
time  also  an  engine  economy ;  and  he  thought  it  was  worth  while  to 
examine  where  the  economy  came  in  as  regarded  the  engine,  for  it 
was  important  to  know  what  might  reasonably  bo  expected  from 
superheating.     If  rclianco  were  placed  on  reports  of  the  extraordinary 
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economy  said  to  have  been  obtained,  tbe  question  arose,  why  did  not 
superheating  rapidly  become  general  ?  The  truth  he  thought  was 
that  the  economy  was  considerable,  but  that  the  practical  application 
was  difficult. 

Apart  from  the  question  of  utilizing  the  waste  heat  of  the  boiler, 
it  would  be  seen  from  Fig.  30,  Plate  4.0,  how  superheating  affected 
the  engine  economy  by  increasing  the  area  of  the  indicator  diagram. 
It  had  often  been  alleged  that  adiabatic  expansion  would  be  the 
condition  of  maximum  theoretical  efficiency  in  a  non-conducting 
cylinder ;  but  a  simple  illustration  was  sufficient  to  show  that 
practically  it  would  not  be  so.  A  steam  engine  must  have  useless 
resistances,  back  pressure,  clearances,  and  friction,  all  of  which, 
together  with  cyliader  condensation,  constituted  a  dead  charge 
amounting  in  practice  to  something  like  30  to  40  per  cent.,  or  even 
more,  out  of  the  total  power  which  would  have  been  available  under 
the  conditions  of  working,  if  the  useless  resistances  and  cylinder 
condensation  had  not  existed.  The  performance  of  work  and 
adiabatic  expansion  in  a  non-conducting  cylinder  would  be 
accompanied  by  the  condensation  represented  by  the  disappearance 
of  2,500  units  of  heat  per  indicated  horse-power  per  hour.  Any 
addition  of  heat  to  the  working  steam,  which  would  prevent  this 
condensation  in  the  cylinder,  would  increase  the  effective  power  in 
a  larger  degree  than  it  would  increase  the  total  power.  Thus  in 
Fig.  30  let  the  ratio  of  the  expenditure  of  heat  to  produce  the  area 
A  be  the  same  as  that  for  the  whole  diagram  ;  and  let  the  area  A  be 
one-tenth  of  the  whole  diagram,  or  say  one-seventh  of  the  area 
B  C  D  E ;  then  by  the  expenditure  of  10  per  cent,  more  heat,  the 
net  or  effective  area  might  be  increased  by  15  j)er  cent.  To  the 
actual  engine  cylinder  however,  in  which  conduction  came  into  play, 
the  same  reasoning  applied  in  a  larger  degree,  because  of  the  greater 
possibility  of  increasing  the  effective  power  by  addition  of  heat  to 
the  working  steam,  in  consequence  of  thereby  arresting  condensation. 
The  hot-air  engine  had  failed  chiefly  because  the  dead  charges  bore 
so  large  a  proportion  to  the  total  output.  In  the  steam  engine, 
cylinder  condensation  was  a  big  dead  charge,  which  if  wholly  or 
partially  neutralized   would  increase  the  percentage  of  net   profit. 
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Thus  in  Fig.  31,  Plate  40,  let  the  area  A  represent  the  loss  from 
cylinder  condensation  ;  and  let  it  be  assumed  that  by  superheating 
or  steam-jacketing  this  loss  could  be  wholly  or  partially  prevented. 
Then  there  would  be  two  sources  of  net  profit : — firstly,  that  already 
alluded  to,  namely  increase  of  effective  power  ;  and  secondly,  the 
possibility  of  further  increase  of  economy  in  adding  the  area  B  to 
the  diagram  by  increased  useful  expansion  ;  and  the  indicated  power 
Would  be  increased  by  the  three  areas  A,  B,  C.  There  was  a  further 
possible  element  of  economy  in  superheating,  namely  that  of  keeping 
the  cylinder  dry  at  the  time  of  release,  and  thus  minimizing  the 
variation  in  temperature  in  the  cylinder,  from  which  arose  the  major 
portion  of  cylinder  condensation.  In  this  way  it  came  to  pass  that 
the  expenditure  of  one  unit  of  heat  in  a  steam-jacket  effected  a 
saving  of  more  than  one  unit  in  the  cylinder.  If  by  superheating 
and  steam-jacketing  condensation  in  the  cylinder  could  be  entirely 
prevented,  probably  the  steam  engine  would  be  in  a  condition  of 
maximum  practical  efficiency  for  a  given  pressure  and  given  ratio  of 
expansion,  because  but  little  useful  effect  could  be  got  simply  from 
the  increased  pressure  due  to  superheat. 

There  was  a  further  economy  to  be  obtained  by  getting  the 
superheat  from  the  waste  heat  of  the  boiler  ;  but  in  doing  so  there 
must  be  no  robbing  Peter  to  pay  Paul.  A  boiler  might  prime,  or 
might  be  inefficient  or  too  small ;  and  a  superheater  attached  to  it 
might  show  a  great  economy.  Some  of  the  published  results  of 
superheating  he  had  no  doubt  had  been  largely  influenced  from 
these  causes.  It  must  be  remembered  that,  when  superheated  steam 
was  used,  the  economy  could  not  be  truly  stated  by  difference  in 
weight  of  steam  per  indicated  horse-power,  unless  the  superheat  was 
got  for  nothing.  A  saving  of  20  per  cent,  in  steam  did  not  necessarily 
mean  a  saving  of  20  per  cent,  in  heat.  When  the  superheat  was 
obtained  from  the  waste  heat  of  the  furnace,  the  economy  in 
percentage  both  of  steam  and  of  coal  should  be  the  same ;  because 
the  economy  arose  from  increase  of  power,  assuming  the  rate  of 
evaporation  to  remain  the  same :  except  of  course  in  the  McPhail 
and  Simpsons  superheater,  which  was  an  evaporator  and  a  superheater 
combined,  and  appeared  to  have  a  higher  effect  on  the  boiler  than 
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on  the  engine.  Considering  that  with  modern  pressures  the  initial 
steam  was  at  about  350°  Fahr.,  and  that  without  superheating  the 
water  present  at  cut-off  might  be  30  per  cent.,  it  would  be  seen  to 
what  a  high  temperature  the  steam  must  be  superheated  in  order 
to  prevent  initial  condensation  entirely. 

Mr.  Hugh  McPhail  said  that,  although  the  apparatus  bearing 
his  name  had  been  spoken  of  as  not  a  superheater  (page  177),  yet  it 
had  been  made  as  a  superheater,  and  it  fulfilled  he  believed  all  the 
requirements  of  a  superheater.  The  object  in  making  the  superheater 
in  the  form  sho^vn  in  the  drawings  was  to  get  dry  and  superheated 
steam  at  a  suitable  temperature.  Its  use  had  been  found  by  those 
who  employed  it  to  be  attended  with  an  economy  of  steam,  which 
was  not  unforeseen,  even  if  in  amount  it  might  seem  to  some  to 
be  accidental ;  and  from  his  oxvtq  experience  he  believed  it  had  led 
to  a  new  epoch  in  steam  generation  and  economy.  It  suited  not 
only  as  an  evaporator,  but  also  as  a  superheater ;  and  it  was 
probably  sufficient  to  mention  that  there  were  a  number  of  boilers 
at  present  working  with  high  degrees  of  superheat,  and  one  in 
particular  with  a  superheat  of  334°,  which  temperature  was 
maintained  unifoiTQ  throughout  the  working  of  the  boiler.  The 
great  object  of  this  contrivance  was  to  have  a  superheater  which 
would  be  controlled  by  the  pressure  of  the  boiler  with  regular 
firing ;  and  this  object  was  now  found  to  be  fully  attained  in 
practical  working.  According  as  the  boiler  pressure  was  reduced  or 
increased,  the  superheat  was  reduced  or  increased  in  proportion. 
The  superheater  w  as  placed  just  in  the  proper  position  for  taking  up 
the  greatest  amount  of  heat  from  the  hottest  gases  immediately  on 
their  leaving  the  furnace.  It  could  not  be  got  nearer  to  the 
furnace  without  diminishing  the  extent  of  the  boiler  heating-surface. 
At  the  times  when  cold  air  passed  through  the  flue,  there  was  a 
tendency  for  the  superheater  to  become  a  condenser,  as  was  the 
case  with  all  superheaters  so  situated.  Twelve  superheaters, 
consisting  only  of  superheating  tiibes  in  the  flue  without  radiators 
inside  the  boiler,  as  shown  in  Plate  39,  had  been  put  in  at  Saltaire  in 
1866  ;  and  after  they  had  worked  for  a  short  time  the  result  was  found 
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to  be  that  the  engines  had  to  be  repaired.     All  the  evils  connected 
with  superheating  had  cropped  up  there  in  the  same  vraj  that  they 
had  cropped  up  iu  the    time  of  Penn    and   the   other   pioneers  of 
superheating.     In  his  own  apparatus,  should  the  superheating  tubes 
ever  tend  to  become  a  condenser,  the  steam  was  kept  dry  by  the 
temperature   in    the    boiler ;    and    in    this   way   a   faii'ly   uriifoiin 
temperature  was  maintained,  sufficient  to  ensure  perfectly  dry  steam. 
-  There  were  many  points  in  regard   to  steam,  about  which  ignorance 
was  still  prevalent ;  and  one  in  particular  was  of  much  interest  in 
connection  with  practical    superheating :    namely    that,  when    once 
perfectly  dry  steam  had  been  obtained  by  superheating,  it  was  found 
that  it  never  became  saturated  until  its  temperature  had  fallen  a  long 
way  below  the  temperature   corresponding  with  that  of   saturated 
steam  at  the  boiler  pressure.     So  long  as  the  dry  steam  never  came 
into   contact   with   water,  it   did  not   become  saturated  till  it  had 
gone  down  much  below  the  temperature  of  saturation.     Superheated 
steam  had  been  carried  dry  to  a  distance  of  147  feet  in  a  wrought-iron 
pipe  of  2^  inches  diameter  without  any  covering  whatever,  and  had 
issued  from  the  further  end  at  the  temperature  and  pressure  of  the 
boiler,  working  an  engine  at  that  distance  better  than  it  was  worked 
with  steam  from  a  boiler  alongside  it  at  a  higher  pressure.     At 
present  great  difficulty  seemed  to  him  to  prevail  in  realising  these 
and  other  practical  results  of  superheating.     In   1892  one  of  his 
superheaters  had  been  put  to  work  in  connection  with  an  old  beam- 
engine  in  Legram's  Lane,  Bradford,  which  was  receiving  steam  with 
140"  of  superheat ;  and  its  use  had  been  attended  with  an  economy 
of  28  per  cent.     Since  its  application  he  had  not  heard  of  its  having 
been  repaired.     In  other  instances  superheaters  were  working  with 
high  temperatures,  and  gave  no  trouble  whatever.     This  was  simply 
because  there  was  no  variation  of  the  steam  in  the  superheater ;  it 
was  not  water  at  one  time  and  steam  at  another,  but  was  always 
steam  at  a  high  temperature,  and  tlierefore  always  dry  steam.     So 
high  a  degree  of  superheat  as  that  mentioned  by  Mr.  Longridge 
(page  174—5)  he  thought  was  not  necessary.     His  own  experience 
had  been  that  the  superheating  need  only  l»e  carried  to  such  a  degree 
above  the  temperature  of  saturation  as  to  ensure  the  whole  of  the 
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steam  beiug  really  dry.  The  dry  steam  then  conveyed  its  heat  to 
the  engine  piston,  and  the  heat  was  there  transformed  into  work,  as  it 
ought  to  be ;  and  at  the  end  of  the  stroke  there  was  but  little  water 
remaining  in  the  steam,  because  there  was  less  equivalent  weight, 
volume  for  volume,  than  in  saturated  steam  to  begin  with.  What 
was  wanted  was  really  dry  steam,  whatever  its  temperature  ;  and 
with  dry  steam  there  was  found  to  be  economy  in  many  ways. 
In  condensing  engines  less  condensing  water  was  wanted,  because 
there  was  less  weight  of  exhaust  to  deal  with.  As  to  any  sediment 
forming  in  the  superheating  tubes  from  priming  water  coming  over 
in  the  steam,  he  believed  it  was  impossible  that  there  should  ever  be 
any  water  coming  over  in  this  apparatus  ;  and  having  examined  the 
superheating  tubes  over  and  over  again,  he  had  found  there  was  no 
sediment  whatever  in  them. 

Mr.  J.  F.  L.  Crosland  considered  the  greatest  credit  was  due  to 
the  author  for  this  paper  bringing  forward  the  results  of  his 
experiments  at  Charing  Cross.  It  was  a  matter  of  great  importance 
to  show  how  the  boiler  power  could  be  increased  nearly  two  and  a 
half  times.  The  Babcock  and  Wilcox  boiler  which  the  author  was 
using  had  previously  been  evaporating  only  3,457  lbs.  of  water  per 
hour;  and  by  means  of  a  superheater,  evaporator,  and  induced  draught, 
the  evaporation  had  now  been  increased  to  8,294  lbs.  (page  155). 
It  seemed  to  him  that  this  was  a  matter  which  interested  eveiy  user 
of  steam  power  ;  and  they  were  much  indebted  to  the  author 
for  bringing  it  forward.  He  had  himself  had  about  four  years' 
experience  of  superheating  in  the  years  1859  to  18G3  with  an 
apparatus  of  his  father's,  consisting  of  pipes  arranged  in  boiler  flues 
in  a  manner  similar  to  the  Gehre  superheater  shown  in  Fig.  3, 
Plate  31.  The  pipes  were  not  fixed  in  a  cylindrical  shell  as  there 
shown,  but  were  arranged  in  a  serpentine  form  in  the  upper  flues  of 
the  boiler,  as  shown  in  Fig.  29,  Plate  40.  When  using  this 
apparatus  great  difficulty  was  experienced  in  lubricating  the  engine. 
Animal  and  vegetable  oils — the  only  ones  which  could  then  be 
procured — dried  up,  and  the  steam  burned  the  stuffing  in  the 
stuffing-boxes.     Another   difficulty   was    to    keep    the    steam-pipes 
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properly  covered.  A  great  deal  of  animal  and  vegetable  fibre  was 
used  at  tbat  time  for  covering  boilers  and  steam-pipes,  secured  by 
wood  lagging ;  and  at  the  increased  temperature  the  material 
rapidly  charred  away,  and  in  some  cases  actually  took  fire.  One  of 
the  objections  also  to  the  use  of  superheated  steam  was  its  great 
readiness  to  give  up  its  heat.  In  some  experiments  which  he  had 
recently  been  making  with  a  superheater,  the  steam  was  raised  in  the 
-superheater  from  its  ordinary  temperature  of  320°  to  443° ;  but  in 
passing  to  the  engine  it  lost  a  considerable  amount  of  that  superheat, 
falling  to  376  .  A  careful  test  for  dryness  showed  that  the  saturated 
steam  was  remarkably  free  from  water,  containing  not  more  than 
0'4  per  cent,  before  superheating.  The  efiect  of  the  secured 
superheat  of  56^  in  the  engine  cylinder  was  to  reduce  the  weight  of 
steam  used  in  the  engine  from  22  •  82  lbs.  per  indicated  horse-power 
per  hour  to  about  20*59  lbs.,  which  meant  a  saving  of  about  10  per 
cent.  But  that  advantage  was  entirely  lost  in  the  coal  account, 
owing  to  extra  radiation  from  the  steam-pipes,  which  were  not 
carefully  and  properly  covered  in  some  i)arts.  The  much  greater 
loss  that  would  occur  through  radiation  from  steam-pipes  when 
containing  superheated  steam  than  when  containing  saturated  steam 
was  perhaps  not  quite  fully  realised.  That  extra  loss  with  the 
superheated  steam  was  just  sufiicient  to  balance  the  advantage- 
obtained  from  the  superheat  in  the  quantity  of  steam  used  in  his 
experiments.  These  showed  that  with  a  sujierheat  of  about  56^  in 
the  cylinder  it  was  possible  to  obtain  an  economy  of  about  10  per 
cent.,  provided  care  was  taken  to  prevent  loss  by  radiation.  In 
using  superheated  steam  great  care  must  be  taken  to  cover  with  a 
good  non-conducting  material  not  only  steam-pipes  and  their  flanges, 
but  also  the  cylinder,  valve-boxes,  and  every  part  of  the  engine  from 
which  heat  could  escape.  The  McPhail  superheater  he  had  himself 
found  highly  efi'ective,  both  as  a  superheater  and  also  as  an  evaporator ; 
and  it  would  be  seen  on  consideration  that — as  the  superheated 
steam  was  carried  into  and  through  the  boiler  below  the  water-line, 
and  then  brought  out  and  passed  again  through  superheating  pipes, 
and  a  second  time  carried  through  the  water  in  the  boiler  befur* 
being  finally  delivered  by  the  main  steam-pipe  to  the  engine — it  wa  ■ 
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easy  to  regulate  the  amount  of  superheat  by  proportioning  the 
surface  of  the  radiating  pipes  inside  the  boiler  to  that  of  the 
superheating  pipes  outside.  In  that  way  the  superheat  could  be 
regulated  to  any  amount,  up  to  the  full  superheat  given  by  the 
U  shaped  pipes  in  the  combustion  chamber. 

The  President  here  adjourned  the  discussion  to  the  following 
meeting ;  and  before  separating  he  was  sure  the  members  would  give 
Hr.  Patchell  a  preliminary  vote  of  thanks  for  his  valuable  paper. 


Discussion,  29  April  189G. 

Mr.  Patchell  said  that,  with  respect  to  the  extra  evaporation  of 
the  Babcock  and  Wilcox  boilers  at  Maiden  Lane,  it  seemed  to  be 
thought  that  he  had  been  putting  forward  the  duty  of  those  boilers 
as  something  remarkable;  whereas  from  Table  6,  line  8  (page  151), 
it  was  seen  that  the  water  evaporated  per  hour  per  square  foot  of 
heating  surface  was  3,457  lbs. -^  1,827  sq.  ft.  =  about  1-9  lb.  With 
the  induced  draught  the  boilers  were  now  evaporating  about  4  •  8  lbs., 
which  seemed  to  be  about  an  average  evaporation,  and  might  be 
accepted  as  good  work.  It  was  about  the  mean  of  a  long  series  of 
twenty  or  twenty-five  experiments  published  by  Professor  Kennedy 
and  Mr.  Bryan  Donkin,  excluding  a  special  test  of  a  Merryweather 
fire-engine,  which  ran  up  to  13  lbs.  These  water-tube  boilers  had 
so  much  heating  surface  which  under  normal  conditions  was  purely 
nominal,  that  they  could  not  rank  high  in  evaporation  per  square  foot 
of  heating  surface.  The  problem  he  had  had  to  solve  had  been  to 
get  more  steam  out  of  a  limited  boiler  room,  with  boilers  which 
were  already  doing  their  best ;  and  to  get  it  without  intermpting 
the  working  of  the  electric  lighting  machinery.  The  means 
employed  for  doing  so,  which  were  detailed  fully  in  the  paper, 
had  resulted  in  raising  the  power  of  the  two  boilers  practically  three 
times,  and  in  getting  superheated  in  place  of  wet  steam;  and  this 
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had  been  accomplished  at  considerably  less  than  what  would  have 
been  the  cost  of  one  new  boiler.  The  boilers  were  working  quite 
easily,  with  only  such  a  draught  as  was  obtained  in  many  factory 
chimneys,  namely  from  ^  inch  to  1  inch  of  water  gauge.  By  forcing 
the  fan  and  engine,  the  boilers  could  be  made  to  do  a  great  deal 
more ;  but  he  did  not  wish  to  force  them,  though  he  should  have 
every  confidence  in  doing  so,  if  necessary.  The  installation  at 
Maiden  Lane  was  not  an  experimental  one ;  it  had  to  fulfil  the  rather 
momentous  duty  of  continuously  supplying  electric  current  at  steady 
pressure  for  electric  lighting :  which  work  had  to  be  done  with  the 
greatest  regularity. 

The  scaling  up  of  the  superheater  tubes  was  a  point  about  which 
some  doubt  had  at  first  been  felt,  but  on  wLich  he  had  now  no 
misgivings  at  all.  Since  the  first  superheater  was  put  in,  it  had 
worked  12,600  hours ;  the  second  had  worked  9.600  hours ;  in 
neither  had  there  been  the  slightest  trouble  with  the  tubes,  and 
there  was  not  even  a  sign  of  scaling. 

In  the  paper  itself  he  had  purposely  refrained  from  giving  any 
opinions  of  his  own,  because,  when  he  had  been  asked  to  prepare 
the  paper,  he  had  understood  that  facts  and  not  opinions  were  what 
was  wanted  ;  and  he  hoped  a  few  more  facts  might  be  elicited  in  the 
remainder  of  the  present  discussion. 

Professor  W.  Cawthorxe  Uxwix  was  of  opinion  that  what  was 
now  wanted  was  theory  and  not  facts,  in  relation  to  the  subject  of 
steam  superheating.  Thirty  or  forty  years  ago  a  mass  of  facts  had 
been  collected  about  the  use  of  superheated  steam ;  and  there  was 
not  one  of  the  large  tests  made  at  that  time  which  did  not  show  a 
large  economy  from  the  use  of  superheated  steam.  Anyone  wanting 
more  facts  would  find  in  the  Bulletin  of  the  Alsatian  Society  of 
Steam  Users  a  mass  of  facts  showing  that  in  every  case  the  use  of 
superheated  steam  had  effected  a  considerable  economy.  The  reason 
why  superheated  steam  was  not  more  used  now  was  not  because 
there  were  no  facts,  but  because  engineers  had  not  quite  sufficiently 
realised  the  reason  of  the  advantage  which  superheating  gave.  In 
any  scientific  classification  three  ways  of  using  steam  in  an  engine 
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must  be  recogaised.  There  was  the  ordinary  use  of  dry  or  nearly  dry 
steam,  in  which  case  the  steam  in  the  engine  cylinder  was  always  wet 
steam.  Then  there  was  the  use  of  steam  moderately  superheated,  that 
is,  to  about  100°  or  120°  Fahr.  above  the  temperature  of  saturation; 
and  in  that  case  also  the  steam  in  the  cylinder  became  wet  steam. 
Lastly  there  was  the  use  of  highly  sujperheated  steam,  in  which  case 
the  steam  would  be  diy  when  working  in  the  cylinder.  As  far  as  he 
knew,  there  was  only  one  instance  in  which  highly  superheated  steam 
had  been  used  on  a  practical  scale,  namely  by  Heir  Schmidt  in 
Germany ;  and  it  was  too  soon  yet  to  say  whether  the  use  of  steam  in 
that  way  would  prove  to  be  practically  successful.  It  was  successful 
economically  in  experiment ;  but  whether  it  would  prove  tbat 
highly  superheated  steam  could  be  pi-actically  used  successfully  had 
yet  to  be  seen.  As  there  was  no  reference  in  the  paper  to  the 
use  of  highly  superheated  steam,  he  would  confine  his  remarks  to 
moderately  superheated  steam,  namely  steam  beated  to  100°  or  120° 
Fahr.  above  the  temperature  of  saturation  :  in  which  case  the  steam 
when  used  in  the  engine  was  always  wet  at  cut-off.  In  using 
moderately  superheated  steam,  the  heat  contained  in  the  steam  as 
superheat  was  entirely  spent  in  heating  the  cylinder,  and  thereby 
reducing  the  cylinder  condensation.  It  took  the  place  of  jacket 
heat,  acting  in  the  same  way,  and  for  the  same  purpose ;  and  the 
range  of  temperatui'e  in  tbe  cylinder  was  not  increased.  Therefore 
he  thought  that,  in  a  recent  paper  *  by  Capt.  Sankey  on  the  thermal 
efficiency  of  steam  engines,  it  had  been  wrong  to  adopt  for  engines 
using  superheated  steam  a  different  standard  from  that  for  ordinary 
engines  using  saturated  steam,  unless  the  adoption  of  the  different 
standard  were  explicitly  limited  to  engines  in  which  the  steam 
retained  its  superheat  uj)  to  the  point  of  cut-off. 

The  gain  in  economy  dii-ectly  due  to  the  use  of  superheated 
steam  was  an  engine  gain,  and  not  a  boiler  gain.  The  gain  must  be 
measured  in  terras  of  the  steam  used  per  indicated  horse-power 
hour ;  or,  to  be  more  accurate,  in  thermal  units  per  horse-power 
minute.     It   was   exactly   of  the  same   kind,  and  due  to  the  same 

*  Proceedings  Inst.  C.E.,  1896,  vol.  cxxv,  page  182. 
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causes,  as  the  gain  in  using  a  steam-jacket.  If  a  boiler  was  working 
under  the  best  conditions,  if  the  air  6ui)i5ly  and  the  proportions  of 
the  boiler  were  the  best,  then  there  could  be  no  gain  in  boiler 
efficiency  due  to  the  addition  of  a  superheater,  at  least  as  far  as  he 
knew.  On  the  other  hand  practical  engineers  had  to  recognise  that  in 
many  boilers  the  best  conditions  were  not  realised  ;  therefore  it  came 
about  that,  in  most  instances  where  superheaters  were  used,  they 
were  in  connection  with  boilers  where  some  of  the  heat  which  might 
in  a  perfect  boiler  be  utilised  was  wasted ;  and  then  it  generally 
happened  that  there  was  a  boiler  gain,  as  well  as  an  engine  gain. 
To  a  great  extent  the  amount  of  boiler  gain  that  was  realised 
additional  to  engine  gain  was  a  measure  of  the  badness  of  the 
boiler  to  which  the  superheater  was  applied.  In  the  paper  *  he  had 
already  referred  to,  on  the  thermal  efficiency  of  steam  engines,  it  had 
been  rightly  pointed  out  that,  in  a  trial  in  which  10  •  2  lbs.  of  highly 
superheated  steam  had  been  used  per  horse-power  hour,  this 
consumption  would  be  equivalent,  in  the  amount  of  heat  absorbed  in 
the  boiler,  to  11 '40  lbs.  of  saturated  steam.  But  when  it  was  added 
that  the  heat  exj)enditure  "  of  course  "  meant  coal  consumption,  he 
objected  to  these  words  as  begging  the  question,  because  he  considered 
it  was  not  a  matter  of  course  that  the  coal  consumption  would 
be  increased  proportionately  to  the  total  heat  of  the  steam ; 
it  was  a  matter  of  experiment.  In  a  large  number  of  experiments 
made  in  Alsace,  where  great  attention  was  paid  to  the  use  of 
coal  in  good  boilers  and  the  boilers  were  well  worked,  it  had 
been  found  that  the  addition  of  a  superheater  involved  a  boiler 
gain,  and  that  the  coal  economy  due  to  superheating  was  at  least 
equal  to  the  steam  economy. 

In  turning  back  to  an  ancient  experiment  in  1828,  when  fires  had 
been  built  round  the  cylinders  and  steam-pii^es  (page  135),  the 
author  had  treated  it  as  an  instance  of  the  use  of  superheated  steam. 


*  Proceedings  Inst.  C.  E.,  1896,  vol.  cxxv,  page  207:— "If  it  is  found  that 
an  engine  using  superheated  steam  at  G50^  Falir.  requires  10'2  lbs.  of  feed-water 
per  l.II.P.,  this,  so  far  as  beat  expenditure  is  concerned,  wliich  of  course  means 
coal-consumption,  is  equivalent  to  11 '40  lbs.  of  feed-water  when  compared  with 
an  engine  using  saturated  steam  at  100  lbs.  pressure." 


April  189G.;  STEAM    SUPERHEATING,  189 

In  those  early  days,  wlien  eugines  worked  at  from  five  to  seven 
strokes  per  minute,  it  had  been  found  that  heating  the  outside  of  the 
cylinder  with  a  steam-jacket  produced  a  large  economy ;  and  some 
engineers  went  further  and  put  a  fire  round  the  cylinder.  It  was 
possible,  though  he  did  not  know  whether  it  was  so,  that  the  steam 
had  thereby  been  superheated  ;  but  he  believed  they  had  not  known  in 
the  least  what  they  were  about.  They  had  no  followers,  and  they 
established  no  practice;  and  he  did  not  attach  any  importance  to 
those  early  experiments.  In  page  136  it  was  said  that  Trevithick 
had  been  combating  cylinder  condensation  for  a  long  period ;  but  he 
doubted  whether  Trevithick  knew  what  cylinder  condensation  was. 
At  any  rate  it  was  rather  striking  that  in  the  history  of 
superheating  in  the  paper  there  was  no  reference  to  the  fact  that 
Hirn  was  the  one  man  who  had  discovered  the  real  cause  of  the 
efficiency  of  supsrheating.  It  was  not  in  1850  as  mentioned  in 
page  136,  but  in  1855,  that  superheating  was  really  first  intelligently 
used ;  and  it  was  not  until  1859  that  it  came  to  be  used  in  this 
country."^  It  was  Hirn  who  established  superheating ;  and  superheating 
had  been  used  since  1855  to  the  present  day  continuously  in  Alsace. 
While  the  author  had  been  endeavouring  here  and  there  to  find 
experiments  in  this  country,  there  was  hardly  a  well-worked  mill  in 
Alsace  at  the  present  time  which  was  not  using  superheated 
steam. 

The  particular  defect  of  the  present  paj)er  seemed  to  him  to  lie 
in  the  fact  that  boiler  economy  and  engine  economy  were  completely 
mixed  up ;  in  a  large  number  of  examples  of  superheating,  no  data 
at  all  of  superheating  economy  appeared  to  have  been  given.  The 
author  gave  only  the  data  of  boiler  economy ;  and  even  in  this 
connection  he  had  not  given  data  to  determine  whether — in  two  trials 
of  the  same  boiler,  one  with  superheated  steam  and  the  other  with 
saturated    steam — the   conditions  were   so   nearly   alike    that    the 


*  Professor  Dwelsliauvers-Dery  has  pointeJ  out  that  Ferdinand  Spineux 
made  an  experiment  in  the  use  of  superheated  steam  in  1840,  and  found  an 
economy.  Spineux  competed  for  a  prize  for  the  greatest  improvement  in  steam 
engines.     "  Engineering,"  14  Feb.  1890,  page  174. 
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economy  could  in  any  kind  of  way  be  attributed  to  superheating. 
In  any  boiler  tbe  largest  waste  was  tbat  of  the  chimney :  it  might 
rise  to  50  per  cent,  of  the  heat  generated  in  the  furnace,  and  it 
might  fall  to  20  per  cent,  or  even  less ;  yet  in  no  one  instance,  where 
there  was  apparently  a  large  economy  iu  the  working  of  the  boiler, 
had  the  data  been  furnished  of  chimney  waste.  From  the  data 
given  in  some  instances  indeed  the  probability  could  even  be 
perceived  that  the  chimney  waste  had  not  been  the  same  with  the 
superheated  steam  as  without.  It  seemed  to  him  somewhat  of  a 
mistake  in  the  paper  to  include  the  McPhail  and  Simpsons  so-called 
superheater  amongst  the  others,  instead  of  classifying  it  by  itself.  The 
steam  was  here  taken  out  of  the  boiler  and  heated,  and  then  back 
again  into  the  boiler  and  cooled  :  recalling  the  story  of  the  king  of 
France,  who  was  said  to  have  marched  his  men  up  the  hill  and  then 
down  again.  In  the  previous  discussion  he  believed  some  hint  had 
been  thrown  out  that  steam  which  had  been  superheated  and  then 
reduced  in  temperature  was  of  a  dift'erent  physical  nature  to  ordinary 
steam  (page  182)  ;  that  was  incredible.  The  fact  appeared  to  him  to 
be  that  the  McPhail  superheater,  if  it  was  a  superheater,  was  so  by 
accident  and  not  by  design.  The  only  one  of  the  experiments  with 
this  superheater  which  was  at  all  completely  given  in  the  paper  was 
that  made  by  Professor  Kennedy  (page  151),  from  which  it  appeared 
that  when  the  steam  reached  the  engine  there  was  about  7°  of 
superheat,  with  which  there  was  some  small  engine  economy,  because 
the  steam  was  drier  than  when  the  superheater  was  not  used.  It 
was  hardly  fair  however  to  put  alongside  other  superheaters,  which 
would  give  100^  or  120°  of  superheat,  a  superheater  which  gave 
only  7°.  That  experiment  was  in  a  certain  way  characteristic. 
More  details  were  given  of  it  iu  Table  6  (page  151)  than  of  any  of 
the  other  experiments.  It  appeared  that  without  the  superheater  the 
evaporation  from  and  at  212^  was  10*50  lbs.  of  water  per  lb.  of 
coal,  and  that  when  the  superheater  was  added  it  went  up  to 
11*47  lbs.  That  was  a  large  boiler  gain  of  10  per  cent.,  not  an 
engine  gain ;  and  he  wished  to  know  whether  the  boiler  had  been 
worked  in  the  same  way  in  both  experiments,  that  is,  whether  the 
advantage  was  really  due  to  superheating,  or  to  the  diflferencc  in  the 
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mode  of  working  the  boiler,  or  merely  to  additional  heating  surface. 
The  chimney  waste  was  not  given  in  the  experiment ;  but  there  was 
a  significant  fact  given  :  the  temperature  of  the  gases  leaving  the 
boiler  was  67°  higher  when  the  superheater  was  used  and  when  the 
economy  was  greatest,  than  it  was  when  the  superheater  was  out  of  use 
and  the  economy  was  least.  Thence  it  could  be  directly  inferred  that 
the  air  supply  per  pound  of  fuel  was  different  in  the  two  cases  ;  and 
therefore  it  might  be  inferred  pretty  surely  that  the  boiler  was  not 
worked  in  the  two  cases  with  the  same  air  supply  per  pound  of  fuel, 
or  in  the  same  way.  There  were  two  or  three  other  trials  mentioned 
of  the  McPhail  superheater,  in  which  the  engine  economy,  the 
only  characteristic  economy  of  superheating,  was  not  given  at  all, 
but  in  which  there  appeared  to  be  a  considerable  boiler  gain,  esj)ecially 
a  large  gain  in  evaporation.  In  the  trials,  while  the  heating  sui-face 
of  the  boiler  was  «;arefully  given,  the  amount  of  superheater  sui'face 
was  not  given.  In  Table  4  (page  146),  for  instance,  the  evaporation 
went  up  from  7*41  lbs.  per  hour  per  square  foot  of  heating  surface 
when  the  superheater  was  out  of  use,  to  9*96  lbs.  when  it  was  in  use. 
As  far  as  he  could  make  the  figures  out,  the  apparent  gain  in 
evaporation  simply  meant  that  the  evaporation  had  been  calculated 
on  the  boiler  surface  alone  without  including  the  superheating 
surface.  If  a  large  superheating  sm'face  were  added  to  a  boiler,  it 
would  absorb  more  heat  and  evaporate  more  water ;  and  if  the 
evaporation  had  really  been  calculated  on  the  heating  surface  of  the 
boiler  alone,  without  including  the  surface  of  the  superheater,  it  was 
an  extraordinary  mode  of  calculation.  The  Thornliebank  tests  in 
Table  5  (pages  148-9)  were  almost  the  same,  only  rather  worse.  In  the 
McPhail  superheater  he  suspected  that  the  radiator  or  de-superheater 
would  be  gradually  abandoned  :  in  which  case  the  apparatus  would 
become  merely  the  old  superheater  constructed  forty  years  ago  by 
Him  and  still  existing  in  Colmar.  The  only  characteristic  feature 
of  the  McPhail  superheater  was  the  use  of  the  de-superheating 
or  radiating  tubes  in  the  boiler.  As  to  whether  there  was  any 
possible  advantage  in  these  internal  tubes,  it  was  said  that  they  were 
necessary  because  they  moderated  the  fluctuations  in  the  temperature 
of  the  superheated  steam ;  and  it  was  possible  there  were  instances 
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where  this  result  occurred.  But  before  accepting  the  statement,  he 
should  like  the  fact  to  be  ascertained.  It  would  be  easy  to 
measure  during  a  day  of  varying  load  the  temperature  of  the 
superheated  steam  from  a  superheater  worked  with  the  internal 
radiating  tubes,  and  to  see  whether  the  fluctuations  were  or  were  not 
moderated  by  the  radiating  tubes.  At  present  he  believed  there  were 
no  facts  to  prove  that  the  moderating  effect  on  the  fluctuations  of  the 
temperature  really  occurred.  But  supposing  it  were  admitted,  the 
further  question  had  to  be  asked,  whether  any  moderating  of  the 
fluctuations  in  the  temperature  of  superheated  steam  was  required. 
An  admirable  500-H.P.  compound  engine  which  he  had  tested  in 
Alsace  had  been  working  there  perfectly  for  two  years  with  steam 
superheated  in  an  ordinary  superheater  without  regulation :  the 
cylinder  covers  had  never  been  off",  and  the  engine  was  using  only 
two  kilogrammes  or  4^  lbs.  of  oil  per  day.  Having  seen  so  many 
vsuperheaters  working,  he  was  sceptical  as  to  the  necessity  for  any 
regulation  of  the  temperature  of  the  superheated  steam,  provided 
only  the  superheaters  were  properly  placed.  This  was  a  point  of 
some  importance.  In  the  early  years,  from  1860  to  1870, 
superheaters  had  almost  invariably  been  placed  in  the  uptake  of  the 
furnace  ;  they  had  been  used  chiefly  in  marine  engines  and  fixed 
in  the  uj^take,  which  was  just  the  place  where  the  temperature  of  the 
gases  was  lowest,  and  therefore  the  efficiency  of  the  superheating 
surface  least.  It  was  also  just  the  place  where  the  fluctuations  in 
the  temperature  of  the  gases  were  greatest.  It  was  therefore  the 
wrong  place  for  a  superheater,  though  the  right  place  for  a  fuel 
■economiser.  If  a  proper  superheater  were  wanted,  it  must  be  placed 
near  the  furnace,  where  the  fluctuations  in  the  temperature  followed 
the  demand  for  steam,  and  where  the  efficiency  of  the  superheating 
surface  would  be  so  much  greater  that  a  smaller  superheater  would 
suffice.  The  whole  secret  of  using  superheated  steam  successfully, 
he  believed,  lay  in  rightly  placing  the  superheater,  and  in  rightly 
proportioning  its  surface,  both  of  which  were  matters  jjurely  of 
experience. 

These  criticisms  he  had  offered,  because  it  was  only  by  discussion 
that  the  points  of  the  subject  could  be  brought  out.     Having  looked 
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a  good  deal  into  experiments  on  superheated  steam,  lie  was  convinced 
that,  in  most  of  the  ordinary  engines  now  used,  a  net  steam  economy 
could  be  obtained  of  from  15  to  20  per  cent,  by  superheating ;  and  that 
with  a  superheater  added  to  the  boiler  there  would  be  at  least  as 
great  an  economy  of  coal.  This  he  thought  was  a  gain  large  and 
important  enough  to  lead  to  the  use  of  superheaters  even  in  a  country 
where  coal  was  as  cheap  as  it  was  here.  In  Alsace  he  could  find  no 
trace  of  decay  in  the  superheaters  placed  near  the  furnaces,  no  trace 
that  they  were  injured  internally  by  deposit,  and  no  trace  that  the 
cylinders  of  the  engines  using  superheated  steam  were  injured  when 
proper  oil  was  used  for  lubrication.  The  safety  of  the  superheater 
was  a  question  of  some  importance  ;  and  he  believed  that  ultimately 
the  particular  form  of  superheater  to  be  adopted  would  turn  mainly 
on  the  question  of  which  form  of  superheater  was  capable  of  standing 
a  tolerably  high  temperature  continuously,  without  requiring  any 
attention  and  without  sustaining  any  injury.  In  Alsace,  where  a  low 
class  of  Htckers  were  employed  who  paid  no  attention  to  the 
temperature  of  the  superheater,  he  had  found  that  in  some  of  the 
mills  to  which  he  went  the  men  did  not  even  know  whether  the 
superheater  was  in  action  or  not. 

Mr.  John  Phillips  mentioned  that  in  1851  he  had  been  engineer 
on  board  the  "  Avon,"  a  vessel  belonging  to  the  Eoyal  Mail  Steam 
Packet  Co.,  which  was  fitted  with  combined-steam  superheating 
apparatus,  he  believed  on  Wethered's  system,  but  it  was  not  allowed 
to  be  used.  Superheating  apparatus  on  that  system  had  also  been 
fitted  in  vessels  in  the  navy  called  the  "  Dee "  and  the  "  Black 
Eagle " ;  Mr.  Charles  Atherton,  chief  engineer  of  "Woolwich 
Dockyard,  had  made  some  experiments  with  those  vessels  in 
February  and  July  1856,  which  were  published  by  Mr.  Eobert 
Murray  in  a  rudimentary  treatise  on  the  marine  engine.  Having 
himself  been  accustomed  to  superheaters  from  that  time  until  they 
were  given  up  about  1878,  he  had  always  found  that  the  gain 
ranged  somewhere  about  20  per  cent.  Most  of  the  superheaters  were 
placed  in  the  bottom  of  the  funnel.  The  insides  of  the  tubes,  instead 
of  decaying,  were  found  to  be  covered  with  a  deposit  of  black  rust, 
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whicli  lie  believed  had  since  been  applied  to  the  Barff  process.  The 
credit  of  the  invention  or  application  of  combined-steam  superheating 
he  thought  should  be  given  to  Wethered,  who  was  an  American. 
Eankine  had  rightly  mentioned  Wethered  as  the  inventor  of  this 
system  ;  and  in  Fairbaim's  treatise  on  millwork  the  first  introduction 
of  superheating  was  ascribed  to  Frost,  also  an  American.  The 
question  really  seemed  to  be  whether  the  gain  by  the  use  of  a 
comparatively  light  weight  of  superheater  was  not  greater  than  was 
obtained  by  increasing  the  size  of  the  boiler.  Within  his  own 
recollection  superheating  had  been  used  on  a  large  scale  for  marine 
engines,  and  he  had  not  heard  that  any  difficulty  had  been  found 
with  it  when  properly  fitted  and  used.  It  had  been  abandoned  only 
when  higher  pressures  of  steam  came  to  be  introduced  in  later  years. 

Professor  Unwin  said  he  had  known  Mr.  "Wethered  himself,  and 
he  was  sure  that  the  date  1851  was  too  early  for  the  introduction  of 
his  plan  of  combined  steam  in  this  country. 

Mr.  Druitt  Halpix  pointed  out  that  Mr.  "Wethered  himself, 
in  his  own  paper  iu  1860,  to  which  reference  had  been  made  by 
Mr.  Patchell  in  page  137,  had  distinctly  stated  that  he  had  introduced 
his  plan  of  combined  steam  into  this  country  four  years  previously  : 
which  would  bring  the  date  of  its  introduction  to  1856.  That  was 
a  year  later  than  the  date  mentioned  by  Professor  Unwin  (page  189) 
in  connection  with  the  name  of  Hirn. 

Mr.  Bryan  Donkin,  Member  of  Council,  agreed  with  Professor 
Unwin  that  the  Alsatian  engineers  had  been  foremost  iu  the  use  of 
superheated  steam ;  he  had  himself  visited  many  of  the  mills  there. 
From  the  time  of  Hirn  they  had  gradually  extended  its  application ; 
and  he  imagined  that  it  was  now  employed  for  about  15,000  to 
20,000  horse-power.  The  control  or  regulation  of  the  temperature 
of  superheated  steam  he  thought  was  not  of  great  importance, 
the  result  being  only  to  cause  the  superheat  to  last  a  little 
longer  or  shorter  time  in  the  cylinder,  which  seemed  to  make 
but  little   diflference    in    the  economy   of  working   an   engine.      Iu 
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England  engineers  seemed  at  last  to  realise  the  great  importance 
of  superheating  steam  ;  and  the  question  arose,  why  was  superheated 
steam  more  economical  than  saturated '?  It  would  naturally  he 
answered  that  there  was  so  much  less  cylinder  condensation  per 
square  foot  of  internal  surface ;  hut  this  did  not  really  answer 
the  question,  why  was  there  less  cylinder  condensation?  Many 
experiments  had  shown  that  with  saturated  steam,  the  hotter 
the  cylinder  walls,  the  less  was  the  condensation :  in  other  w' ords, 
if  the  temjjeratui'e  of  the  walls  was  raised  hy  efficient  jackets  or 
by  other  means,  so  as  to  reduce  the  difference  of  temperature  between 
the  steam  and  the  walls,  the  result  was  economy  and  diminished 
condensation.  In  some  experiments  he  had  made  with  superheated 
steam,  he  had  found  that  the  temperature  of  the  walls  was 
considerably  raised,  in  comparison  with  what  it  was  when  saturated 
steam  was  used.  The,  extra  heat  in  the  steam  seemed  to  go  to 
raise  the  temperature  of  the  iron  walls,  thereby  producing  a 
considerable  gain.  The  superheated  steam  soon  became  saturated 
in  the  cylinder,  sometimes  even  before  the  piston  moved;  but  it 
had  already  done  good  by  heating  the  walls,  and  the  result 
was  always  economy.  The  mere  jacketing  of  cylinders  with 
superheated  steam  was  beneficial  in  most  cases,  even  without  the 
circulation  of  superheated  steam  through  the  jackets  ;  the  percentage 
of  steam  present  in  the  cylinder  at  exhaust  was  higher,  or  in  other 
words  the  rate  of  condensation  was  less.  The  paper  he  considered 
had  not  given  sufficient  details  in  Tables  3  to  5  respecting 
the  heating  surface  of  the  superheating  pipes  apart  from  that  of 
the  boiler ;  and  it  was  difficult  to  make  out  whether  the  heating 
surface  which  was  referred  to  was  that  of  the  boiler  or  of  the 
superheater  or  of  both.  An  interesting  way  of  representing  the 
effect  of  superheated  steam  was  by  means  of  the  entropy  diagram. 
Several  entropy  diagrams  had  been  published  lately,  which  showed 
plainly  the  action  of  the  steam  in  the  cylinder.  At  present  a  fair 
start  had  been  made  with  superheated  steam  in  stationary  engines ; 
but  in  locomotives  no  recent  experiments  had  been  made  that  he 
knew  of,  although  the  temperature  of  their  exhaust  gases  was  fairly 
high.     Marine   engineers   also   seemed   to   remember   too   well   the 
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many  failures  of  superheated  steam  thirty  years  ago,  uith  the 
inferior  materials,  inadequate  heating  surfaces,  and  bad  lubricants 
then  in  use.  Some  enterjjrising  engineer  he  hoped  would  take  the 
matter  up ;  for  at  sea  it  was  of  much  greater  importance  than  on  land 
to  get  the  greatest  economy,  and  the  weight  of  the  superheating 
jnpes  was  but  small.  Some  experiments  in  the  direction  of  economy 
in  both  locomotives  and  marine  engines  seemed  to  be  highly 
jdesirable.  The  superheating  pipes  seemed  to  him  to  involve  the 
question  of  transmission  of  heat.  The  superheater  consisted  of  a 
considerable  surface  exposed  to  the  hot  gases,  heating  the  cooler  steam ; 
and  Mr.  Longridge's  Table  13  (pages  172-3)  was  interesting  and 
instructive  as  to  the  transmission  of  heat  per  square  foot  of 
heating  surface  in  the  various  examples.  The  degree  of  superheat 
varied  with  the  weight  of  steam  passing  per  square  foot  per  hour 
through  the  superheating  pipes,  and  especially  with  the  cleanliness 
of  the  pipes,  the  temperature  of  the  gases,  and  many  other  conditions. 
In  the  author's  interesting  boiler  experiments  the  results  given 
pertained  only  to  the  generation  of  the  superheated  steam  ;  as  far  as 
he  could  see,  superheated  steam  had  not  yet  been  used  at  all  by  him 
in  the  engines ;  but  he  hoped  he  would  succeed  in  thus  utilizing  it. 
In  an  interesting  German  superheater  by  Schmidt  the  superheating 
was  done  in  stages  ;  he  had  seen  the  apparatus  at  work,  and  had  made, 
some  experiments  with  it.  An  important  exjieriment  had  lately  been 
made  by  Professor  Schroter  on  an  economical  1,500-H.P.  triple- 
expansion  horizontal  engine  working  with  the  low  steam-pressure  of 
only  85  lbs.  per  square  inch.  There  were  four  cylinders — a  high,  an 
intermediate,  and  two  low-pressure.  Their  diameters  were  respectively 
271^  and  43^  and  45^  inches,  stroke  5;^  feet,  giving  630  feet  piston- 
speed  at  60  revolutions  per  minute  ;  two  cranks,  one  on  each  side, 
with  a  rope-driving  fly-wheel  in  the  middle.  All  the  four  cylinders 
could  be  steam-jacketed.  The  temperature  of  superheat  was 
nearly  always  about  100°  Fahr.  Experiments  were  made  with  the 
superheated  steam  both  inside  the  cylinders  and  in  the  jackets. 
The  mechanical  efficiency  of  the  engine  was  83  to  85  per  cent.  The 
most  economical  result  obtained,  when  using  superlieated  steam  of 
100°  Fahr.  with  the  low  boiler-pressure  of  85  lbs.  and  indicating 
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1,000  H.P.,  was  11-9  lbs.  per  indicated  H.P.  hour.  There  was  much 
less  cylinder  condensation  and  much  less  water  present  in  the 
steam  when  superheated  steam  was  used.  The  thermal  eflBiciency  of 
the  engine  was  about  16  per  cent,  with  superheated  steam.  With 
1,200  brake  H.P.  superheating  gave  11  per  cent,  advantage  as 
compared  with  saturated  steam ;  and  with  1,000  brake  H.P.  the 
saving  was  reckoned  at  104^  per  cent.  In  some  trials  published  by  the 
Boiler  Association  in  Germany,  with  steam  pressure  112  lbs.  per 
square  inch  and  power  256  H.P.,  the  degree  of  superheat  was 
150°  Fahr,  at  the  engine,  after  allowing  for  loss  in  the  steam  pipe. 
The  engine  was  a  compound  Corliss,  and  used  15*3  lbs.  per  I.H.P. 
of  saturated  steam,  and  13 '7  lbs.  of  superheated  steam,  showing  a 
gain  of  1  •  6  lb.  per  I.H.P.  by  using  superheated  steam,  or  10  per  cent., 
which  agreed  with  other  results.  The  Boiler  Association  reported 
that  they  generally  foiTud  no  difficulty  with  superheated  steam, 
when  mineral  oil  was  used.  In  a  paper  read  before  that 
association  in  1895  Mr.  Walther  Meunier  had  reported  that  a  large 
number  of  engines  had  been  working  with  superheated  steam  for 
some  years  in  Alsace ;  and  he  considered  that  the  loss  of  temperature 
in  the  steam  pipes  per  yard  run,  even  when  they  were  well  covered, 
was  2°  Fahr.,  assuming  500°  F.  to  be  the  temperature  of  the  steam, 
and  the  pipes  to  be  all  indoors. 

The  interesting  electrical  thermometer  designed  by  Mr. 
Frederic  W.  Burstall  he  hoped  would  soon  be  produced  as  a 
commercial  instrument.  If  it  could  be  made  at  a  moderate  cost, 
he  had  no  doubt  it  would  be  largely  used  for  a  number  of  practical 
purposes. 

Mr.  Feedeeic  W.  Buestall  exhibited  specimens  of  the  platinum 
thermometers  shown  in  Figs.  33  and  34,  Plate  42.  These 
thermometers  had  been  designed  by  his  brother,  Mr.  Henry  E.  J. 
Burstall,  and  himself,  for  Professor  Kennedy,  for  determining  the 
amount  of  superheating  in  the  superheaters  and  steam  pipes  at  the 
Edinburgh  electric  lighting  station.  When  the  superheaters  were 
first  put  in  there,  attempts  had  been  made  to  measure  the  temperature 
of  the   steam   by  mercury   thermometers   placed   in   mercury  cuj^s 
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(lipping  into   the   steam ;  but   the  temperatures  so  shown  were  so 
obviously  wrong  that  some  other  means  of  measurement  had  to  be 
tried.      The    mercury   thermometers   themselves    had    been   found 
correct,  when  tested  against  a  standard  ;  but  variations  and  errors  of 
from  20°  to  50°  Fahr.  were  shown  when  in  position.     On  testing 
the  thermometers  all  together  in  a  well-stirred  bath,  it  was  found 
that  when  the  temperature  was  rising  or  falling,  even  at  a  slow  rate, 
differences  of  as  much  as  15°  were  shown  between  two  thermometers 
of  the   same  dimensions   and  make,   notwithstanding  that  the  two 
instruments  agreed  when  in  a  bath  at  a  steady  temperature.     In  the 
mercury  cups  a  movement  of  only  one  inch  of  the  thermometer  made 
a  difference  in  its  reading  of  40°.     The  special  point  of  the  platinum 
thermometer  exhibited  was  that  the  whole  of  the  bulb,  which  was  a 
fine   platinum   wire,   was   in   actual   contact   with   the   steam ;   and 
therefore  the  thermometer  must  indicate  the  actual  temperature  of  . 
the  steam,  and  would  follow  any  changes  in  it,  however  rapid.     As 
shown  in  Plate  42,  it  consisted  of  a  coil  of  fine  platinum  wire  W, 
wound  on  thin  strips  of  mica  MM ;   these  were  attached  by  screws 
to  two  leads  LL,  which  passed  through  a  brass  plug  P,  and  were 
insulated  from  it.  The  resistance  of  the  coil  was  determined  by  suitable 
means,  and  the  temperature  read  off  on  a  curve,  which  was  drawn 
out  from  the  known  constants  of  the  coil.     One  great  advantage  of. 
all  forms  of  the  resistance  thermometer  was  that  the  reading  could  be 
taken  from  any  convenient  point,  and  at  any  reasonable  distance  from 
the    thermometer.       For    ordinary    practical    work    the    platinum 
thermometer  had  a  great  advantage  over  most  forms  in  the  fact  that 
its  constants  never  varied,  and  it  was  constructed  of  materials  which 
were  not  brittle  like  glass.     One  of  the  thermometers  exhibited  had 
been  in  a  superheater  at  Edinburgh  for  certainly  a  week,  and  he 
believed  for  nearly  a  month  ;  it  had  then  been  sent  to  London  by 
post,  and  on  arrival  it  had  been  checked  over,  and  found  not  to  have 
varied  its  constants.     The  pressure  in  the  superheater  was  160  lbs. 
per  square  inch,  and  the  superheat  varied  from  50'  to  80'  Fahr.     The 
instrument  mentioned  by  the  author  was  the  first  bare  platinum-wire 
thermometer  which  had  been  made,  and  had  been  in  the  superheater 
at  Maiden  Lane  for  some  days  continuously  in  a  temperature  of  over 
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320^  C.  or  610°  F.  It  was  found  necessary  to  protect  tlie  wire  from 
particles  of  solid  matter  and  from  water  in  the  steam  by  means  of  a 
wire-gauze  screen  ;  but  in  a  steam-pipe  wbere  the  steam  was  dry  it 
had  been  found  that  the  wire  was  amply  strong  enough  to  stand  the 
rush  of  steam,  even  at  a  high  velocity. 

Mr.  Edward  Pbrrett  said  that  more  than  twenty  years  ago,  on 
behalf  of  Mr.  M.  P.  W.  Boulton,  who  was  the  son  of  Matthew  Boulton 
the  partner  of  James  "Watt,  he  had  commenced  a  number  of  experiments 
on  superheating,  which  had  been  carried  on  for  twelve  years, 
and  eventually  led  to  the  trial  of  the  engine  sketched  in  Plate  41. 
It  was  a  vertical  two-cylinder  engine  with  cranks  at  right  angles, 
and  had  previously  been  ased  for  compressed-air  experiments. 
The  first  cylinder  A  was  10^  inches  diameter  and  9  inches  stroke, 
having  a  trunk  7^  inches  diameter  at  the  upper  end.  The  second  C 
was  an  ordinary  cylinder  12  inches  diameter  and  12  inches  stroke, 
immersed  in  a  steam  reservoir  E.  The  superheater  S  was  similar  in 
construction  to  a  Cowper  fire-brick  hot-blast  stove,  and  had  a  safety- 
valve  at  V  on  the  top.  Steam  was  supplied  by  a  small  8  H.P. 
vertical  boiler  B,  working  at  120  lbs.  pressure  per  square  inch. 
The  steam  was  taken  direct  from  the  boiler  into  the  annular  space  in 
the  top  of  the  first  cylinder,  from  which  it  was  exhausted  into  the 
superheater,  entering  the  latter  at  about  60  lbs.  pressure  ;  no  heat 
was  lost  during  expansion,  in  consequence  of  the  bottom  half  of  the 
cylinder  having  been  heated  by  the  superheated  steam  in  the 
preceding  upstroke.  From  the  superheater  it  went  into  the 
bottom  of  the  first  cylinder,  whence  it  was  exhausted  into  the 
reservoir  E,  from  which  it  worked  the  double-acting  low-pressure 
cylinder  C  in  the  ordinary  way.  Many  difficulties  were  experienced 
in  constructing  it,  because  the  temperature  of  the  steam  was  about 
580^  Fahr.  on  entering  the  bottom  of  the  first  cylinder,  and  the  pipe 
from  the  superheater  to  the  engine  became  dull  red-hot. 

The  President  said  the  temperature  must  be  much  higher 
than  580°  Fahr.  to  make  the  steam-pipe  red-hot. 
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Mr.  Pebbett  had  no  doubt  the  steam  was  hotter  than  580°  on 
leaving  the  superheater,  and  that  it  got  rapidly  cooler,  the 
thermometer  showing  580°  where  the  steam  entered  the  bottom  of 
the  first  cylinder.  The  result  of  six  months'  experimental  working 
of  the  engine  was  a  consumption  of  9  lbs.  of  water  in  the  boiler  and 
0  •  2  lb.  of  coal  in  the  heater  per  horse-power  per  hour ;  the  power 
was  measured  by  a  brake  on  the  fly-wheel.  The  late  Mr.  D.  K. 
Clark,  who  had  experimented  on  the  engine,  had  reported  that,  if  a 
new  engine  were  made  of  larger  size,  it  might  be  expected  to 
require  only  0*8  lb.  of  coal  per  horse-power  per  hour.  Owing 
however  to  the  death  of  Mr.  Boulton,  nothing  further  had  been 
done  with  the  engine  to  the  present  time. 

Mr.  Jebemiah  Head,  Past-President,  said  that  ten  years  ago, 
when  the  Boulton  superheating  engine  was  new,  he  had  made,  on 
behalf  of  a  firm  of  manufacturers,  a  series  of  experiments  upon 
it  in  conjunction  with  Mr.  Perrett,  of  which  he  had  preserved  the 
results.  As  a  somewhat  remarkable  instance  of  superheating  in 
an  unusual  way,  he  thought  it  was  desirable  that  it  should  be 
permanently  recorded.  The  chief  novelty  in  the  arrangement  was 
the  employment,  for  the  purpose  of  superheating  the  steam,  of  the 
Siemens  method  of  regeneration,  which  was  so  successfully  applied  to  • 
blast-furnace  stoves  and  open-hearth  furnaces  ;  he  did  not  himself 
know  of  any  other  instance  in  which  superheating  had  been  effected 
by  bringing  the  steam  into  direct  contact  with  the  surfaces  of  red- 
hot  brickwork.  In  the  experiments  ho  had  made,  the  vertical 
boiler  B,  Plate  41,  raised  steam  to  say  105  lbs.  absolute  per 
square  inch.  The  superheater  S  was  a  cast-iron  bell-shaped 
vessel  with  a  fire-grate  and  furnace  at  the  bottom,  the  door  of 
which  could  be  hermetically  sealed ;  and  a  jnle  of  chequer  brickwork 
was  built  up  in  the  inside.  On  the  opposite  side  to  the  furnace 
door  was  a  long  tube,  which  was  led  away  horizontally  and  formed 
a  chimney  at  the  further  end  ;  at  the  near  end  was  a  valve  by  which 
it  could  bo  closed.  In  preparing  to  work  the  engine,  and  before 
the  steam  was  got  up,  a  fire  was  lit  on  the  grate  of  the  superheater,  the 
chimney  valve  was  oitened,  the  flames  passed  up  through  the  chequer 
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brickwork,  down  round  the  outside  of  the  mass,  and  so  away  to  the 
chimney.  That  went  on  until  the  whole  of  the  brickwork  was  red 
or  white  hot.  Then  the  fire  was  drawn,  the  chimney  valve  and 
fire-door  were  closed,  and  the  boiler-pressure  being  up,  steam  was 
admitted  direct  into  the  annular  space  in  the  top  of  the  first  cylinder  A, 
which  had  a  trunk  on  the  top  of  the  piston.  On  the  lower  side 
the  piston  was  of  full  area,  but  was  protected  by  a  block  from  the 
excessive  heat  of  the  superheated  steam.  In  the  downstroke  of  the 
piston  the  steam  was  cut  off  at  half  stroke.  When  the  piston 
ascended  again,  the  steam  from  the  annulus  was  exhausted  through  the 
pipe  E  into  the  bottom  of  the  heater.  Taking  the  mean  of  ten  runs 
of  3,000  revolutions  each,  which  had  been  made  at  the  speed  of 
about  125  revolutions  per  miniite  during  the  experiments  he  had 
conducted,  the  boiler  steam  of  105  lbs.  absolute  pressure,  after  having 
been  cut  off  at  half  stiuke  and  exhausted,  had  fallen  to  46  lbs. 
absolute,  and  the  temperature  to  275°  Fahr.,  which  was  the 
temperature  of  saturated  steam  at  that  pressure.  The  satui-ated 
steam,  entering  the  superheater  close  to  the  chimney  valve,  went 
through  the  mass  of  hot  brickwork,  took  up  its  superheat,  and  passed 
out  through  the  siphon  pipe  D  to  the  valve  F,  which  was  simply  a 
piston  valve  worked  by  an  eccentric.  By  the  heater  the  temperature 
of  the  steam  was  raised  from  275°  to  440°,  or  something  like 
165°  of  superheat.  It  then  passed  into  the  bottom  of  the  first 
cylinder  A,  which  was  called  the  hot  cylinder,  and  pushed  the 
piston  up,  being  cut  off  at  half  stroke.  When  the  stroke  was 
completed,  the  valve  G,  which  was  also  a  piston  valve  worked 
by  an  eccentric,  was  opened.  By  this  time  the  temperature 
of  the  steam  had  fallen  from  440°  to  325°,  and  the  pressure 
to  about  28  lbs.  absolute,  so  that  there  was  still  nearly  80°  of 
superheat  in  the  steam  when  exhausting  through  the  valve  G  into 
the  reservoir  R,  which  surroimded  the  second  cylinder  C.  Here 
the  pressure  was  24  lbs.  absolute,  and  the  temperature  238°. 
As  this  was  the  proper  temperature  for  saturated  steam  at  that 
pressure,  it  was  seen  that  the  whole  of  the  original  superheat 
of  about  165°  had  by  this  time  disappeared,  and  the  steam  had 
(continued  on  page  20G  ) 
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all  become  saturated  when  it  reached  the  reservoir  E.  From  the 
reservoir  the  steam  passed  into  either  end  of  the  second  or  low-pressure 
cylinder  through  an  ordinary  slide-valve  worked  by  an  eccentric, 
being  cut  off  at  one-third  of  the  stroke  and  expanded  down  to  6^  lbs. 
absolute  pressure  into  the  surface  condenser,  which  maintained  a 
vacuum  of  28  inches  of  mercury.  It  might  have  been  expected  that, 
as  the  saturated  steam  was  at  the  outset  passed  direct  from  the 
boiler  into  the  annulus  of  the  first  cylinder,  and  was  exhausted  thence 
before  being  superheated,  some  water  of  condensation  would  be  found 
in  the  bottom  of  the  heater.  But  this  was  not  the  case,  and  it  was 
always  perfectly  dry.  In  the  reservoir  E  however  there  was  always 
water  after  each  run,  confirming  the  idea  that  the  superheated  steam 
had  again  become  saturated  by  that  time,  and  showing  that  the 
165°, of  superheat  was  not  sufficient  under  those  conditions  to  carry 
the  steam  to  the  end  of  its  journey  in  a  dry  state.  After  ten  runs  of 
3,000  revolutions  each,  as  far  as  he  remembered  about  40  lbs.  of  water 
had  been  taken  out  of  the  reservoir  ;  it  was  tapped  off  after  each  run. 
A  brake  K  was  fitted  on  the  further  end  of  the  crank-shaft ;  and 
indicator  diagrams  were  taken  at  intervals  for  determining  the  horse- 
power. The  high-pressure  annulus  gave  an  average  of  4  I.H.P. ;  the 
intermediate  cylinder,  being  the  bottom  of  the  high-pressure  cylinder, 
gave  3^  I.H.P. ;  and  the  low-pressure  cylinder  with  its  two  ends  gave 
9  I.H.P.,  making  a  total  of  16;^  I.H.P.  The  water  consumed,  as 
measured  by  the  condensed  water  drawn  from  the  condenser,  was 
11  lbs.  per  I.H.P.  per  hour;  but  adding  the  water  drawn  off  from 
the  reservoir  E  it  was  increased  to  11  "6  lbs.  With  regard  to  the 
superheater  the  intention  was,  if  the  plan  had  come  to  be  a 
commercial  success,  to  employ  two  working  alternately,  since  it  took 
a  considerable  length  of  time  to  heat  up  the  mass  of  fire-brick ; 
but  after  it  was  heated  up  it  lasted  a  considerable  time.  By 
having  them  in  duplicate,  one  could  have  been  firing  up  while  the 
other  was  in  use,  according  to  the  recognised  Siemens  method. 
Although  this  superheater  and  engine  had  simply  remained  an 
experimental  apparatus,  he  thought  it  was  desirable  that,  if 
commercially  it  was  going  to  jjass  into  oblivion,  it  should  not  be 
unrecorded  in  the  Institution  Proceedings. 
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Mr.  E.  Tremlett  Carter  asked  whether  in  the  experiments  just 
described  by  Mr.  Head  any  evidence  had  been  found  of  water-gas 
being  produced  by  the  dissociation  of  the  steam  in  the  superheater. 
If  brickwork  was  heated  up  by  a  furnace  to  a  white  heat,  there  would 
be  a  certain  amount  of  soot  deposited  upon  it ;  and  if  steam  was 
brought  into  contact  with  the  white-hot  brickwork,  it  would  undergo 
a  natural  dissociation,  and  a  certain  amount  of  water-gas  would  pass 
off  in  the  steam  and  escape  unused.  Any  evidence  on  this  point 
would  therefore  have  an  important  bearing  upon  the  practicability 
of  superheating  steam  by  the  plan  of  bringing  it  into  contact  with 
brickwork  which  had  been  previously  heated  by  direct  flame  or  hot 
gases.  If  water-gas  were  produced,  it  would  make  its  way  with  the 
steam  through  the  engine  into  the  condenser,  and  would  be  discharged 
by  the  air-pump. 

Mr.  Head  replied  that  he  had  not  found  any  evidence  of  such 
an  occurrence,  not  having  been  particularly  on  the  look-out  for  it. 
There  was  a  large  condenser  with  an  air-pump ;  but  it  was  ten  years 
ago  that  the  experiments  had  been  made,  and  he  could  not  tell  with 
certainty  that  no  water-gas  had  been  produced,  though  he  had  not 
noticed  any  such  discharge  from  the  air-pump. 

Lt.-Colonel  Thomas  English  believed  it  had  been  found  by 
actual  experiments  lately  made  that  no  dissociation  of  steam  took 
place  under  about  800°  C.  or  1,500°  F. 

Mr.  Mark  Eobinson  asked  whether  any  record  existed  of  the 
number  of  heat  units  put  into  the  steam  by  means  of  the  fire-brick 
superheater  tried  in  the  interesting  experiments  which  had  been 
described  by  Mr.  Head. 

Mr.  Head  was  not  aware  that  the  observations  made  in  the 
experiments  had  been  worked  out  more  closely  than  he  had 
mentiqped.  The  exact  records  of  the  second  and  third  series  of 
runs,  in  the  ten  series  constituting  the  complete  experiments,  were 
given  in  Tables  14  and  15  (pages  202-5)  ;  and  the  heat  units  could 
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be   worked   out  approximately  from   the   temperatures    and    water 
consumption  here  recorded. 

Mr.  Hugh  McPhail  was  indebted  to  Professor  Unwin's  remarks 
(page  190)  for  the  opportunity  they  afforded  him  of  referring  to  one 
or  two  of  the  special  points  which  were  connected  with  his  own 
superheating  apparatus,  and  which  had  an  important  bearing  on  the 
whole  question  of  superheating.  It  had  been  urged  (page  191)  that 
he  had  not  dealt  with  the  economy  of  superheating  in  the  engine 
cylinder ;  and  that  his  apparatus,  if  it  was  a  superheater,  was  so  by 
accident  and  not  by  design  (page  190).  These  allegations  he  thought 
were  contradictory.  In  the  apparatus  in  use  with  the  boilers  at 
Maiden  Lane  the  steam  was  heated  from  362^  Fahr.,  which  was 
its  temperature  before  entering  the  superheater,  up  to  650°,  the 
temperature  at  which  it  left  the  superheater.  These  temperatures  had 
been  taken  by  the  Burstall  thermometer.  Here  was  a  superheat  of 
288°  in  refutation  of  the  opinion  that  the  apparatus  was  practically 
not  a  superheater.  It  rested  with  the  engineers  using  the  superheaters 
to  do  what  they  liked  with  the  superheat  after  they  had  obtained  it ; 
for  instance,  at  the  Thornliebank  Co.'s  works  the  steam  was  now  being 
used  at  234°  superheat  (page  144)  after  passing  through  the  boiler 
twice.  This  was  double  the  superheat  of  from  100°  to  120°  considered 
sufficient  by  Professor  Unwin  (page  187).  The  superheat  could 
either  be  passed  back  into  the  water  of  the  boiler,  and  used  there 
for  evaporating;  or  it  could  be  kept  in  the  steam,  to  be  carried 
forward  by  the  steam  into  the  engine.  Engineers  were  so  well 
aware  of  the  economy  gained  by  iising  superheated  steam  in  the 
cylinder,  and  this  part  of  the  subject  had  been  so  ably  dealt  with  by 
Professor  Unwin  (page  193),  that  it  need  not  be  further  enlarged  upon 
now.  What  he  understood  to  be  the  jiroblem  before  engineers  was, 
how  to  generate  superheated  steam  free  from  the  risks  which  had 
hitherto  prevented  it  from  being  used  with  practical  advantage. 
Owing  to  the  previous  want  of  control  over  the  superheat,  the  steam 
might  at  one  time  be  nearly  at  red  heat,  and  at  another  time  might  even 
be  condensed ;  in  his  own  experience  the  latter  was  often  actually 
the  case,  when  there  were  no  means  of  regulating  the  heat.     The 
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complete  control  of  the  superheat  by  his  own  apparatus  enabled 
superheated  steam  now  to  be  successfully  used  without  fear  of 
cutting  the  cylinders  and  valve-faces.  In  view  of  the  notion  (pages 
176  and  190)  that  the  apparatus  was  only  by  accident  a  superheater, 
it  might  be  mentioned  that  in  1888  he  had  had  occasion  to  make  a 
superheater  for  chemical  manufacturing  purposes,  which  would  of 
itself  automatically  regulate  the  temperature  of  the  superheated 
steam.  Various  arrangements  were  made,  some  of  which  were 
original,  while  others  were  such  as  had  been  tried  before. 
Superheating  in  itself  was  nothing  new  or  difficult ;  but  his  object 
had  been  to  bring  the  temperature  of  the  steam  under  control,  and  to 
maintain  it  uniform ;  and  this  he  had  succeeded  in  doing.  The 
amount  of  superheat  he  wished  to  obtafn  in  1888  was  280°,  and  the 
method  he  then  adopt^^d  was  a  success,  and  gave  no  trouble  or 
anxiety.  By  that  method  superheated  steam  was  at  the  present  time 
being  produced  sufficiently  high  in  temperature  for  all  purposes  for 
which  it  had  been  adopted.  That  it  had  not  been  applied  in  engine 
use  at  the  high  temperature  advocated  by  some  engineers  was  due 
to  the  fact  that  manufacturers  were  naturally  influenced  by  the 
former  experience  of  the  evil  effects  of  superheated  steam  in  engines, 
and  they  wisely  moved  with  caution.  In  practice  the  perfect 
superheating  of  steam  by  his  method  was  attained  in  the  manner 
already  described  in  the  paper.  Saturated  steam  was  conveyed  in 
pipes  from  the  steam  space  of  the  boiler  to  a  superheater  affixed  to 
the  back  end  of  the  boiler,  or  as  near  thereto  as  possible  ;  and  the 
amount  of  heat  transferred  to  the  steam  from  the  furnace  gases  was 
dependent  upon  the  temperature  of  the  gases  passing  around  the 
superheater,  and  upon  the  flow  of  steam  through  it.  After  being  thus 
superheated,  the  steam  was  passed  through  copper  pipes  in  the  water 
space  of  the  boiler,  where  it  gave  up  nearly  all  its  superheat  by 
radiation  to  the  water.  Thence  it  passed  into  a  second  suijerheater 
similar  to  the  first ;  and  on  entering  this  second  superheater  it  had 
always  in  practice  been  found  to  be  dry,  and  therefore  in  a  better 
condition  for  absorbing  heat  from  the  furnace  gases  as  it  passed 
through  the  second  heater.  It  accordingly  left  the  second 
superheater  at  a  higher  temperature  than  from  any  other  superheater 
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yet  introduced  that  was  dependent  for  its  heat  upon  the  furnace 
gases  of  the  boiler  to  which  it  was  affixed.  From  the  second 
superheater  the  steam  could  either  be  taken  straight  away  to  be 
utilized,  or  could  be  passed  through  the  boiler  again  so  as  to  control 
and  regulate  its  temperature.  The  regulation  temperature  of  the 
steam  leaving  the  stop  valve  of  a  Lancashire  boiler  working  at  100  to 
150  lbs.  pressure  per  square  inch  could  be  arranged  to  be  from 
400^  to  700^  Fahr.  At  Maiden  Lane  it  would  be  remembered  that 
there  was  only  one  superheater  attached  to  the  boiler,  instead  of  two 
(page  150)  ;  and  the  temperature  of  the  gases  leaving  the  boiler  was 
given  at  654°  Fahr.  (page  156).  As  this  ajjparatus  was  now  fairly 
well  known,  and  was  appreciated  by  a  large  number  of  steam  users, 
to  whom  it  was  supplying  steam  for  over  50,000  H.P.,  it  was 
needless  to  say  more  about  its  being  a  superheater,  beyond 
emphasizing  the  important  fact  that,  when  combined  with  any  kind 
of  generator,  it  produced  steam  of  a  temperature  above  that  normal 
to  the  pressure.  The  combination  with  the  Lancashire  boiler  had 
about  70  per  cent,  more  heating  surface  than  the  boiler  by  itself. 
As  the  principle  of  generating  steam  by  passing  the  superheated 
steam  through  pipes  in  the  water  space  of  the  boiler  had  sometimes 
been  questioned,  he  had  had  a  boiler  30  feet  long  and  8  feet 
diameter  specially  made  in  1889,  having  only  a  single  flue,  which 
was  jacketed.  The  steam  generated  within  the  boiler  passed  into 
the  jacket  on  the  flue,  circulated  through  the  superheaters,  and 
then  through  the  radiating  pipes  in  the  water  space  of  the  boiler, 
and  was  the  sole  medium  of  carrying  the  heat  into  the  water 
for  the  generation  of  the  steam  therein.  The  results  were  highly 
satisfactory,  and  confirmed  the  principle  he  wished  to  establish ; 
it  was  an  expensive  experiment,  which  repaid  itself.  This  boiler 
had  been  constructed  for  a  working  pressure  of  150  lbs.,  and  with  a 
slight  improvement  on  the  original  design  had  been  in  use  day  and 
night  continuously  for  five  years.  The  superheating  apparatus 
had  been  fitted  to  the  boilers  of  a  steamer  of  5,000  tons, 
in  which  the  interesting  experiment  had  been  tried  of  substituting 
steel  radiating  pipes,  instead  of  copper,  inside  the  boiler.  Each 
boiler  had   a  single  superheater.      A   trial    trip  was  made   from 
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Leith  to  Hamburg  with  a  saving  of  18^  per  cent.  After  a 
number  of  trips  the  engine  cylinders  were  found  to  be  in  jierfect 
order.  Afterwards  it  was  found  that  the  steel  pipes  in  the 
boiler  were  corroding,  and  for  safety  they  had  to  be  taken 
out.  The  occasion  of  taking  them  out  presented  an  opportunity 
of  trying  the  superheated  steam  direct  to  the  engines,  as 
had  been  done  forty  years  ago,  and  as  now  recommended  by 
Professor  Unwin  (page  191) ;  and  the  result  was  that  after  only  a 
single  voyage  troubles  of  the  old  kind  began  to  appear,  and  the 
engine  cylinders  had  to  be  bored  out  again.  This  demonstrated 
within  his  own  experience  that  superheaters  of  the  old  kind  were 
still  attended  with  all  the  evil  consequences  which  had  accompanied 
their  use  in  former  times ;  and  it  left  no  room  for  doubt  as  to  the 
superiority  of  his  improved  mode  of  regulating  the  temperature  by 
means  of  the  radiating  pipes  inside  the  boiler.  In  another  instance 
this  plan  had  now  been  working  with  a  superheat  of  140°  Fahr.  for 
four  years  without  the  slightest  evil  effect  or  repair.  The  conditions 
essential  to  the  successful  working  of  superheaters  he  considered 
had  thus  been  solved  in  a  way  that  removed  all  anxiety  about  the 
steam  after  it  had  been  passed  through  this  apparatus,  while  with 
other  superheaters  that  anxiety  could  not  be  got  rid  of.  So  far  as  a 
clear  exposition  was  required  of  the  reasons  for  the  saving  obtained 
by  superheating  and  of  the  causes  of  previous  failure,  it  had  been 
his  endeavour  to  meet  this  requirement ;  and  he  considered  he  had 
succeeded  in  doing  so. 

Mr.  Lavington  E.  Fletcher  said  the  Manchester  Steam  Users' 
Association  had  tested  both  McPhail's  and  Musgrave's  superheaters. 
In  these  tests  McPhail's  superheater  affected  the  efficiency  of  the 
boiler  rather  than  that  of  the  engine,  the  superheat  being  nearly  all 
absorbed  by  the  boiler,  and  little,  if  any,  passing  over  to  the  engine  ; 
but,  however  little  passed  over,  it  gave  the  engine  the  advantage  of 
dry  steam  and  tended  to  promote  economy.  Musgrave's  superheater 
affected  the  efficiency  of  the  engine  directly,  and  did  not  affect  that  of 
the  boiler  otherwise  than  by  reducing  the  consumption  of  steam  by 
the  engine,  and  thus  lightening  the  duty  the  boiler  had  to  perform. 
(^continued  on  imrjc  21G.) 
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TABLE  16  (continued  to  page  215). 

Tests  of  three  Lancashire  Boilers 

Without  and  With  Musgrave  and  Dixon's  Superheaters, 

at  Messrs.  J.  Musgrave  and  Sons'  Atlas  Mills,  Bolton. 

See  Plate  33. 


WiTHOCT  or  With  Superheaters 

Date  of  tests 1895  September 

Duration  of  tests hours 

sq.  feet 
sq.  feet 
sq.  feet 
sq.  feet 
sq.  feet 


Heating  surface  of  each  boiler,  average 

„  „  each  superheater,  average 

„  ,,  economiser,  384  pipes    . 

Fire-grate  area  per  boiler 

Boiler  heating  surface  per  sq.  ft.  of  fire-grate 

Draught  entering  economiser  ....   water  gauge,  inch 

„       leaving  „  ....   water  gauge,  inch 

Mean  Temperature  of  atmosphere Fahr. 

„  „  flue  gases  entering  economiser,  Fahr. 

„  „      »      leaving  .,  Fahr. 

Fall  in  temperature  of  flue  gases Fahr. 

Mean  Temperature  of  feed-water  entering  economiser,  Fahr. 

„  „  ..  leaving        „  Fahr. 

Rise  in  temperature  of  feed-water Fahr. 

Mean  Steam-Pressure  per  square  inch  above  atm.  .      .     lbs. 
ZNIean  Temperature  of  steam  entering  superheater  .       Fahr. 

.,  .,  ,.      leaving  „  .       Falir. 

,,  „  .,      leaving  boiler-house   .       Falir. 

„  .,  „       near  engines    .      .      .       Fahr. 

Rise  in  tenii).  of  steam  in  passing  superheater  .     .       Fahr. 

Fall         „  „  between  superheater  and  engines,  Fahr. 

^lean  Superheat  in  steam  near  engines  ....       Fahr. 

Calorific  value  of  1  lb.  of  dry  coal Th.  U. 

Theoretical  Evaporation  of  1  lb.  of  dry  coal\  ,, 

from  and  at  212°  Fahr./  "      '  ^'^^• 


WlTHOCT 

11-12 

6-36 

1,058 

4,128 

38 

27-84 

T6  "*  ? 

1  tol\ 
60-0° 
614-0' 
384-0=' 
230-0° 
108-5° 
266-3° 
157-8" 
93-S 


13,740 
14-24 


With 

4-5 

6-25 

1,058 

140 

4,128 

38 

27-84 

TB 

7 
8 

60-0° 
593-5° 
379-9° 
213-6° 
110-5° 
277-5° 
167-0° 

93-6 
330-0° 
530-0° 
496-5° 
463-0° 
200-0° 

67-0° 
133-0° 
14,171 

14-08 
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TABLE  16  {continued  from  preccdinfj  j}a(je). 

Tests  of  three  Lancashire  Boilers 

Without  and  With  Musgrave  and  Dixon's  Superheaters, 

at  Messrs.  J.  Musgrave  and  Sons'  Atlas  Mills,  Bolton. 

See  Plate  33. 

IViTHOUT  or  With  Superheaters "Without  "With 

Coal  Burnt  in  relation  to  hoileis. 

(a.^used lbs.       10,830        17,71-1 

Total  during  test  Mrj lbs.       18,560        16,218 

(pure  and  dry lbs.       15,834         13,498 

Ash  and  clinker  due  to  test -{percent         13-77  15-34 

,,.,.,,,  f  lbs.        1,270  1,496 

Moisture  m  coal  burnt \  per  cent.  6-40  8-41 

Per  boiler  per  vreek  of  56  hours         i  ,  „ .         orv.nA  o7.«-> 

,T.^,,  p       1        ,.  r         / tons  oil    VU  -I    DO 

including  4  tons  for  banking  &c.  / 

(as  used lbs.  1,039-23  946-00 

Per  boiler  per  hour  I  dry lbs.      972-79  866-70 

(pure  and  dry lbs.       829-14  721-65 

T,     V                   1               r    i    r.  (boiler  heating  surface    lb.          0-98  0*89 

Per  hour,  as  used,  per  sq.  foot  of  {fi,e.grate    ....  lbs.        27  -  35  24  •  89 

Water  Evaporated  from  temperature  of  feed. 

„      ,,     .       ,     ^  (cubic  feet  2,305-87     1,926-25 

Total  during  test -^  ^^s.     142,659      119,173 

_,     ,    .,            -  fcubic  feet      120-79        102-76 

Per  boiler  per  hour -^  lbs.  7,473-23    6,358-17 

-r,     V                    r    t.    c  f boiler  heating  surface  .      .      .  lbs. 
Per  hour  per  sq.  foot  of  |g^.g_gj.^^g      ° lbs. 

I  as  used lbs. 
dry lbs. 
pure  and  dry lbs. 


Per  lb.  of  coal  as  used  \ 


Equivalent  Evaporation  from  and  at  212°  Fahr 

boilers  alone  . 
boilers  and  economiscr 


Per  lb.  of  coal  dryj^Jj 


boilers  alone    . 
boilers  and  econoiuiser 
fboilers  alone 


lbs. 
lbs. 
lbs. 
lbs. 
lbs. 


Per  lb.  of  coal  pure  and  dry  j^^jj^^^  '^^^  economizer    '.  lbs 

Calorific  value  realized. 

Boilers  alone per  cent. 

Boilers  and  Economit^ir per  cent. 


7-06 

6-01 

196-66 

167-32 

7-19 

6-72 

7-68 

7-34 

9-01 

S-82 

r. 
7-06 

6-52 

8-23 

7-68 

7-54 

7-13 

8-80 

8-40 

8-85 

8-56 

10-32 

10-08 

52-96 

48 -.59 

61-77 

57-24 
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TABLE  16  (continued  from  preceding  page). 

Tests  of  three  Lancashire  Boilers 

Without  and  With  Musgrave  and  Dixon's  Superheaters,' 

at  Messrs.  J.  Musgrave  and  Sons'  Atlas  Mills,  Bolton. 

See  Plate  33. 


WiTHOLT  or  With  Superheaters "WixHorT 


Engines. 

3Iean  Speed,  revolutions  per  minute 

Average  initial  Pressure  j  High-pressure  pistons 

absolute  per  sq.  inch  (  Low-pressure        „ 
Average  mean  effective  (  High-pressure  pistons 

Pressure  per  sq.  inch  \  Low-pressure         ., 
Equivalent  mean  effective  Pressure  per  sq.  inch  1 
referred  to  Low-pressure  pistons  / 

Mean  Temperature  of  {  ^^^^  ''■'^^^""        ; 
Rise  in  temperature  of  condensing  water 

j  cylinders 
condensers 


Mean  Vacuum  per  square  inch  in 


Barometric  Pressure  per  square  incli 
Average  Horse-Power  developed  . 


revs, 
lbs. 
lbs. 
lbs. 
lbs. 

lbs. 

Fahr. 

Fahr. 

Fahr. 
.  lbs. 
.  lbs. 
.  lbs. 
LH.P. 


HI '33 

105-75 

12-20 

46-80 

4-68 

17-50 

86-1° 
109-9= 
28-8° 
10-90 
12-31 
14-60 
1,223-5 


With 


57  00 

104-21 

11-93 

47-96 

4-22 

17-37 

92-5^ 
112 -^ 
20-b 
11-07 
12-30 
14-71 
1,207-5 


Steam. 

Moisture  in  steam  leaving  boiler-house,  1 

by  calorimeter  / 

Steam  generated  in  boilers 


Steam  lost  by  leakage  at  stop-valves,  "I 
safety-valve  waste-pipes,  &c.  j 
Steam  condensed  in  pipes,  and  caught  "i 

at  separators  J  ' 
Steam  condensed  in  pipes  to  dynamo-engines, 
steam-kettle  &e. 


percent.  3-02 

.     lbs.     142,659 
235 


lbs. 
lbs. 


lbs. 


1,768 


119.17: 


79S: 


*  Steam  supplied  to  engines. 

Total lbs.     140,6.^6     118,287 

Per  hour lbs.      22,105      18,933 

Per  LH.P.  per  hour lbs.        18-06        15-68 

*  Including  steam  supplied  to  Meldrum  blowers,  to  donkey  pump,  and  to 
small  engine  driving  economiscr  scrapers ;  but  deducting  steam  condensed  in 
I'ipcs  and  otherwise  lost. 
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TABLE  16  {concluded  frora  page  212). 

Tests  of  three  Lancashire  Boilers 

Without  and  With  Musgrave  and  Dixon's  Superheaters, 

at  Messrs.  J.  Musgrave  and  Sons'  Atlas  Mills,  Bolton. 

See  Plate  33. 

WiTuouT  or  "W'lTH  Supeilieaters "Without  "With 

Coal  Burnt  in  rehdion  to  engines. 

/as  used lbs.        3,074-76  2,81S"53 

*Per  hour  in  raising  steam  t,              ■                        ,,            9  Q7«.i7  9  =;tS9-q') 

supplied  to  engines          p> ^^^-        ^.»'»  17  2,o82  32 

(pure  and  dry    .      .      .lbs.         2,454-12  2,150-12 

I  as  used lbs.                2-54  2-33 

dry lbs.                 2*38  2-14 

pure  and  dry    .      .      .  lbs.                 2-03  1'78 

I  as  used lbs.                2-51  2-33 

dry lbs.                 2-35  2-14 

pure  and  dry    .      .      .  lbs.                2-00  1-78 

Wnter  supplied  to  hiilers. 

Per  hour lbs.       22,420  18,947 

Per  I.H.P.  per  Lour " lbs.         18-32  lo-60 

Steam  accounted  for  htj  indicator  diarjrams. 

! per  hour lbs.       16,555  15,903 

per  I.H.P.  per  hour  .      .      .    lbs.         13  53  13-17 

percentage       .      .      .      per  cent.        73-82  83-99' 

i per  hour lbs.      14,982  13,916 

per  I.H.P.  per  hcur   .      .      .  lbs.         12-24  11-55 

percentage       .      .     .      per  cent.        66  •  81  73  -  66 

*  Deducting  coal  burnt  in  generating  steam  condensed  in  pipes  and  otherwise  lost, 
t  Including  all  coal  burnt  in  evaporating  total  water  fed  into  boilers. 

R  2 
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The  Miisgi-ave  sujierlieaters,  wliicli  were  tested  at  tlae  works  of 
Messrs.  John  Musgrave  and  Sons,  Atlas  Mills,  Bolton,  in  September 
1895,  were  placed  in  the  flame  downtake  at  the  back  of  the  boiler, 
and  consisted  each  of  26  jjendant  U -shaped  tubes.  The  boilers 
were  three  in  number  in  a  range  of  five,  all  of  the  Lancashire  type, 
30  feet  long  by  8  feet  diameter  in  the  shell  and  3  ft.  2  ins.  diameter 
in  the  furnaces.  A  superheater  was  attached  to  each  boiler.  Each 
furnace  was  fitted  with  a  Meldrum  blower,  which  was  used 
throughout  the  tests.  There  was  a  Green  economiser  containing 
384  pipes ;  this  was  a  large  number  of  jjipes  for  three  boilers,  the 
economiser  having  been  put  in  for  the  whole  range  of  five.  The 
engines  were  a  jiair  of  horizontal  tandem  Corliss  compound 
condensing  engines,  having  cylinders  24^^^  inches  and  46Y^^  inches 
diameter  and  6  feet  stroke,  giving  a  proportionate  capacity  of  1 
to  3-65. 

The  particulars  of  the  tests  were  given  in  Table  16  (pages 
212-215).  In  conducting  the  tests  the  quantity  of  water  pumped 
into  the  boilers  was  arrived  at  by  direct  measurement  in  tanks, 
not  by  meter ;  the  quantity  of  coal  burnt  was  ascertained  by 
weighing  it  throughout  the  tests,  not  by  referring  to  the  books ; 
and  the  temperature  of  the  steam,  both  on  entering  and  leaving  the 
superheaters  and  on  arriving  at  the  engines,  as  well  as  the 
temperature  of  the  furnace  gases  on  entering  and  leaving  th'' 
economiser,  was  taken  in  each  case  by  a  mercurial  thermometer: 
the  thermometers  for  taking  the  temperature  of  the  steam  were 
specially  tested,  and  those  for  taking  the  temperature  of  the  gases 
were  of  the  nitrogen  kind.  Indicator  diagrams  were  taken  at  both 
ends  of  each  cylinder  every  half -hour. 
The  saving  effected  was  as  follows : — 

In  steam,  per  I.H.P. 14-35  per  ccut. 

lu  coal  "pure  and  dry,"  per  III. r.     .  .  .     12-30         „ 

lu  coal  "as  used,"  per  I.H.P.     .         .         .         .       S*26        „ 

This  was  not  a  high  result,  nor  as  high  as  it  was  often  supposed 
would  be  achieved  by  superheating.  It  would  be  seen  that  the  saving 
in  coal  was  less  than  the  saving  in  steam :  whence  it  appeared  that 
the  superheater  to  a  certain  extent  robbed  the  boiler  and  ecouomiscr. 
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That  robbery  liowever  paid  :  for,  althougli  tlie  boiler  clicT  a  little 
less  work  per  pound  of  coal  burnt,  tbe  engine  did  more.  It  seemed 
to  be  a  question  needing  further  investigation,  bow  far  the 
superheating  could  be  pushed  without  neutralising  its  advantage  by 
diminishing  the  efficiency  of  the  boiler.  The  heating  surface  in  the 
superheater  was  only  1  to  7^  in  the  boiler ;  and  his  impression  was 
that  a  better  result  would  be  obtained  if  the  amount  of  heating 
surface  in  the  superheater  were  increased. 

Mr.  William  Schonhetder  wished  to  emphasize  the  statement  of 
Professor  Unwin  (page  192)  that  the  bottom  of  the  chimney  was  the 
right  place  for  a  feed-water  heater  or  economiser,  and  that  the 
hottest  part  of  the  boiler  flues  was  the  right  place  for  a  superheater. 
For  superheating,  he  considered  so  high  a  temperature  was  wanted 
that  the  superheater  ought  to  be  placed  over  a  separate  furnace  ;  and 
the  furnace  ought  to  be  so  arranged  that  its  products  of  combustion 
could  in  the  ordinary  way  be  led  under  the  superheater,  but  when 
not  quite  so  much  superheat  was  required  a  portion  of  them  could  be 
taken  directly  into  the  flues  of  the  main  boiler.  This  he  thought 
was  the  more  necessary,  because,  in  starting  a  new  engine  with 
valves  not  yet  faced  up,  it  was  likely  that  not  the  whole  of  the 
available  superheat  could  be  used,  and  it  might  therefore  be  desired 
to  reduce  it.  By  merely  reducing  the  quantity  of  steam  passing 
through  the  superheater,  the  latter  might  itself  be  readily  overheated. 
Moreover  if  the  oil  used  to  lubricate  the  engine  hajjpened  not  to  be 
the  quality  that  it  ought  to  be,  it  might  be  found  that  the  engine  was 
becoming  scored,  and  the  temperature  would  then  require  to  be 
reduced.  Surely  with  such  high  temperatures  as  were  required  in 
superheating,  and  with  the  furnace  heat  on  the  outside  of  the 
superheating  pipes  and  the  steam  passing  through  them  inside,  the 
pipes  must  necessarily  deteriorate.  Although  this  had  not  been  found 
so  hitherto  in  the  experiments  quoted  in  the  paper,  it  was  simply 
because  the  amount  of  superheating  was  so  slight.  To  get  high 
economy  high  temperatures  were  wanted ;  and  therefore  on  any 
large  scale  he  thought  it  would  be  found  of  advantage  to  have 
a  separate  furnace  under  the  superheater. 
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'Mr.  Patchell  said  it  had  been  remarked  by  Mr.  Longridge 
(page  169)  and  other  speakers  that  a  small  degree  of  superheating 
could  not  produce  any  appreciable  benefit,  and  that  a  saving  of 
20  per  cent.,  for  instance,  could  not  be  credited  to  superheating 
practically  dry  steam.  Perhaps  not.  Practically  dry  steam  was  like 
liquid  oxygen,  very  scarce  at  present ;  and  engineers  did  not  get 
enough  of  it  in  practice  to  enable  them  to  sample  it  fairly.  But 
there  was  abundant  evidence,  he  thought,  from  figures  in  the  paper, 
from  Professor  Kennedy's  Edinburgh  tests,  and  from  other  trials, 
that  such  savings  were  realised,  and  that  appreciable  results  were 
obtained  from  slightly  superheating  what  in  common  practice  was 
considered  to  be  dry  steam. 

The  confused  state  of  the  subject,  and  the  uncertainty  as  to  the 
degree  of  economy  to  be  obtained,  had  been  referred  to  by 
Mr.  Davey  (178),  with  whom  he  agreed  that  it  was  deplorable ;  and 
he  thought  it  would  only  be  settled  by  some  systematic  sets  of 
experiments  with  various  sorts  of  superheaters,  various  degrees  of 
superheat,  and  on  various  kinds  of  engines.  Superheat  might  be 
employed  efficiently,  either  in  evaporating  water  in  the  boiler,  as  was 
done  to  various  degrees  in  the  3IcPhail  apparatus ;  or  it  might  be 
used  to  counteract  radiation  from  steam  pipes,  or  radiation  and 
condensation  losses  in  the  cylinder  ;  or  even  in  some  cases  in  the 
low-pressure  cylinder  only  of  a  compound  engine.  It  was  obviously 
impossible  to  foretell  the  results  to  be  obtained  in  one  case  from  an 
experiment  in  another  :  just  as,  in  a  boiler  of  an  entirely  new  kind, 
the  effect  of  its  heating  surface  could  not  be  known  till  it  had  been 
tried  ;  and  the  results  obtained  were  then  applicable  only  to  another 
boiler  or  heating  surface  of  the  same  class.  So  with  superheating  : 
when  good  results  had  been  obtained  in  one  case  and  in  another  yet 
better,  the  latter  were  apt  to  be  criticised  as  exceptional  or  impossible, 
simply  through  lack  of  appreciating  that  the  circumstances  under 
which  the  tests  were  made  were  different.  Such  a  lack  of  appreciation 
was  apparent  in  Mr.  Raworth's  remarks  (page  176)  as  to  the  McPhail 
superheater  being  only  accidentally  a  superheater.  This  seemed  a 
bold  assertion  truly,  in  the  face  of  the  figures  given  in  the  paper 
respecting  the  performance  of  this  superheater  at  the  various  workK 
at  which  it  was  in  use. 
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The  results  of  tlie  Edinburgh  trials,  contributed  by  Professor 
Kennedy  (page  166),  were  most  interesting,  and  showed  plainly  the 
efficacy  of  small  degrees  of  superheating.  The  38  to  47  lbs.  of  coal 
burnt  per  square  foot  of  grate  per  hour  was  a  heavy  consumption  for 
a  draught  of  only  0*53  inch  of  water.  Probably  either  the  coal  was 
soft,  or  a  good  deal  of  it  might  have  fallen  through  the  fire-bars, 
the  boilers  being  fired  he  believed  by  mechanical  stokers.  If  the 
latter  assumption  was  correct,  it  would  impair  the  boiler  efficiency, 
which  he  was  somewhat  disappointed  with,  having  hoped  to  learn 
that  it  was  higher,  considering  the  boilers  were  dry-back  marine 
boilers  and  were  surrounded  by  the  hot  gases.  To  the  careful 
covering  of  steam-pij)e  flanges  he  was  glad  to  hear  special  attention 
called  (page  168j,  as  it  was  sadly  neglected  at  present. 

In  Table  13  Mr.  Longridge  had  given  a  highly  instructive  and 
useful  analysis  of  efficient  design.  He  was  much  obliged  to  him 
for  including  the  Schmidt  apparatus,  which  he  regretted  he  had 
himself  missed.  He  had  also  to  thank  Professor  SchriJter  for  copies 
of  tests  of  the  same  apparatus,  received  from  him  after  the  j^aper 
had  been  read.  The  temperature  of  the  steam  in  Table  2  had  been 
taken  in  the  main  steam-pipe,  so  that  Mr.  Longridge  was  right  in 
supposing  it  was  that  of  the  combined  steam  (page  171).  In  pointing 
out  that  some  control  must  be  exercised  over  the  temperature  of  the 
steam  (page  175),  Mr.  Longridge  had  put  his  finger  on  a  weak 
spot  in  the  construction  of  every  superheater  with  which  he  was 
acc[uainted  except  McPhail's.  A  damper  to  control  the  gases  had  been 
introduced  by  Hirn  in  1856,  as  Mr.  Longridge  was  probably  aware  ; 
but  it  had  not  the  fascinating  electrical  arrangement  to  make  it 
automatic,  as  recommended  by  the  latter. 

With  regard  to  the  tests  in  Table  6,  made  by  Professor  Kennedy, 
Mr.  Raworth  was  right  in  presuming  (page  177)  that  the  cold  feed 
had  been  allowed  for  in  the  figures  given  for  the  boiler  efficiencies. 
In  drawing  attention  in  page  150  to  the  fact  of  the  feed  being  cold, 
the  point  which  he  had  wished  to  emphasize  was  that,  if  under 
certain  conditions  with  cold  feed  a  boiler  efficiency  of  say  70  per 
cent,  was  obtained,  then  under  the  same  conditions  but  with  hot 
feed  a  greater  efficiency  would  be  obtained,  after  making  all  proper 
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allowances  for  temperatiires.  This  point  seemed  to  him  not  to 
have  been  generally  noticed ;  but  it  was  clearly  shoM-n  in  experiments 
by  M.  Xormand  and  Mr.  Dniitt  Haljjin. 

Having  endeavoured  to  adhere  as  closely  to  the  title  of  the 
paper  as  the  information  at  his  disposal  permitted,  rather  than  to 
enlarge  on  the  uses  of  superheated  steam,  he  hardly  understood"  the 
position  which  Professor  Unwin  had  sought  to  take  up  in  his 
remarks  (pages  186-193).  The  paper  contained  all  the  details  he  had 
been  able  to  get  of  the  various  superheaters,  and  the  drawings  by  which 
they  were  illustrated  had  been  kindly  furnished  by  the  several  makers 
of  the  apparatus  described.  He  had  also  endeavoured  to  get 
information  as  to  the  practical  working  of  superheating  apparatus, 
and  especially  as  to  any  failures,  from  the  engineers  of  the  leading 
boiler-insurance  companies,  and  from  any  users  of  such  apparatus 
whom  he  had  been  able  to  discover ;  and  he  was  indebted  to  Messrs. 
Crosland,  Fletcher,  Hiller,  Longridge,  and  many  others,  for  their 
kind  replies  to  his  enquiries.  As  to  ignoring  Him  and  his  work 
(page  189),  he  had  the  highest  appreciation  of  the  work  Him  did, 
and  had  emphasized  the  fact  in  page  15G  of  the  paper  in  no  uncertain 
way ;  he  regretted  that  this  passage  seemed  to  have  escaped 
Professor  Unwin's  notice  in  reading  the  paper.  As  he  was  himself 
unfortunately  debarred  from  studying  the  proceedings  of  Gennan 
societies  and  other  journals  in  that  language,  and  as  he  had  felt  that  the 
notes  constituting  the  paper  would  be  incomplete  without  particulars 
of  Him  and  Schwoerer's  work,  he  had  applied  to  Professor  Unwin 
for  some  data,  as  he  knew  he  had  studied  the  matter  in  Alsace.  By 
his  kindness  he  had  been  furnished  with  some  results  of  tests,  and 
had  been  referred  to  his  report,  alluded  to  by  Mr.  Longridge 
(page  1G9),  on  the  Schwoercr  superheater,  which  he  had  tested  for  the 
Exploration  Co.  From  the  reports  of  tests  he  found  with  regret 
that  the  particulars  of  the  superheatei*s  themselves  were  omitted, 
although  the  use  of  superheated  steam  was  dealt  with  fully.  To  the 
construction  of  the  ai)i)aratus  the  baldest  possible  allusion  was  made, 
without  any  data  of  dimensions;  and  it  was  much  to  be  regretted 
that  Professor  Unwin  had  not  taken  this  opportunity  of  supplying 
such  data  as  he  asked  others  to  give.    It  was  difficult  too  to  reconcile 
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a  disclaimer  of  a  boiler  gain  clue  to  superheating  (page  187)  with 
the  statement  that,  if  a  superheating  surface  were  added  to  a  boiler^ 
it  would  evaporate  more  water  (page  191).  Superheating  tubes- 
could  evaporate  only  such  water  as  might  be  carried  over  into 
them  by  the  steam ;  they  were  not  water  heating  or  evaporating 
surfaces.  Classifying  the  McPhail  apparatus  with  other  superheaters 
(page  190)  was  inevitable  in  the  paper,  unless  all  the  others  had 
been  omitted  for  the  reason  stated  in  the  concluding  paragraph 
(page  160) ;  but  some  pains  had  been  taken  to  show  how  it  differed 
from  all  the  others. 

The  McPhail  superheater  he  need  not  defend  at  length,  after 
what  had  been  heard  of  it  from  the  inventor  (pages  181  and  208)  ; 
but  he  wished  to  insist  on  the  fact  that  with  it  the  gain  was  either  a 
boiler  gain  or  an  engine  gain  or  both,  as  was  determined  beforehand 
when  designing  the  apparatus.  Also,  in  view  of  the  facts  contained 
in  the  paper,  there  was  no  more  justification  for  objecting  that  in 
using  this  superheater  the  temperature  of  the  steam  was  first  raised 
and  then  lowered  again  for  no  useful  end  (page  190),  than  there 
would  be  for  suggesting  that  it  was  idle  to  generate  steam  at 
160  lbs.  pressure  and  then  exhaust  it  at  5  lbs.  from  an  engine. 
Both  operations  were  attended  with  a  genuine  gain ;  and  if  it  were 
known  that  there  was  a  saving  of  30  per  cent,  to  be  realised  by  the 
former  of  these  operations,  the  sooner  such  a  mode  of  superheating 
was  adopted  the  better.  With  reference  to  the  regulation  or 
control  of  the  superheat  in  the  test  made  on  2nd  January  1896, 
Table  8,  the  temperature  at  the  steam  stop-valve  had  been  taken 
every  five  minutes,  the  highest  observation  being  417"^  Fahr.  and 
the  lowest  374^.  Only  one  instance  was  noticed  of  each  of  these 
extreme  readings ;  the  general  readings  were  from  395°  to  405°. 
It  would  be  remembered  that  this  was  with  only  one-half  of  McPhail's 
complete  apparatus. 

Ready  and  reliable  instruments  at  moderate  prices,  for  showing-^ 
the  temperature  of  the  superheated  steam  and  of  the  escaping  gases 
(page  197),  and  also  the  state  of  the  latter  (page  190),  he  agreed  would 
be  a  valuable  acquisition  in  the  boiler  room.  The  temperatures 
could  now  be  measured  readily  by  the  Burstall  pyrometer,  which  he 
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felt  sure  would  soon  come  into  extensive  use ;  but  the  state  of  tlie 
trases  could  not  be  ascertained,  except  by  some  chemical  method. 
It  must  however  be  some  simple  plan,  because  stokers  were  rather 
fastidious,  and  would  immediately  want  an  increase  of  pay  if  they 
had  to  watch  a  chemical  balance  or  a  wash-bottle. 

The  experimental  engine  and  superheater  designed  by  Mr. 
Perrett  (page  199)  and  tested  by  Mr.  Head  (page  200)  were  highly 
interesting.  With  the  separate  furnace  however  for  the  superheater 
it  was  hardly  fair  for  the  i)erformance  of  the  engine  to  be  stated 
only  in  steam  consumption,  thereby  neglecting  the  value  of  the  heat 
obtained  from  the  coal  burnt  in  firing  the  superheater  by  a  separate 
furnace,  as  hinted  in  Mr.  Mark  Eobinson's  enquiry  (page  207).  In 
consequence  of  the  steam  being  turned  immediately  through  the 
fire-brick  passages  where  the  gases  of  combustion  had  been,  he 
should  have  been  rather  afraid  of  the  dust  being  carried  through 
from  the  superheater  into  the  engine.  Although  in  the  experimental 
trials  he  understood  the  engine  had  made  a  large  number  of  runs  of 
3,000  revolutions  each,  he  should  have  thought  that  with  such  a 
mode  of  superheating  the  cylinder  would  be  likely  to  become  scored 
in  continuous  working  without  stopping. 

Having  again  looked  up  Mr.  Wethered's  paper,  to  which  Mr. 
Halpin  had  drawn  attention,  he  found  that,  as  stated  in  page  137,  he 
claimed  in  1860  to  have  introduced  combined  steam  four  years 
previously.  But  in  patent  No.  1,285  dated  25  May  1853,  in  the 
name  of  W.  E.  Xewton,  he  found  that  combined  steam  had  been 
used  with  a  12-H.P.  engine ;  and  the  particulars  were  given  of  the 
pipes  employed,  and  other  details. 

The  further  particulars  asked  for  by  Mr.  Donkin  with  regard  to 
the  size  of  the  superheaters  he  would  try  to  obtain.  In  return  he 
hoped  Mr.  Donkin  would  himself  give  the  Institution  some  tests  of 
the  Gehre  apparatus  in  England,  with  which  liis  name  had  been 
connected. 

He  thanked  Mr.  Fletcher  fur  supplementing  the  paper  with  the 
tests  he  had  recorded  of  the  Musgrave  superheater  (pages  211-217). 
A  comparison  of  Tables  2  and  10  was  interesting  in  connection  with 
the  question  as  to  how  far  superheating  could  in  this  instance  bo 
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pushed  with  advantage.  As  the  McPhail  superheater  was  the  one 
he  had  himself  used,  it  had  naturally  been  the  one  he  had  most  fully 
dealt  with  in  the  paper. 

The  best  position  for  placing  the  superheater,  he  agreed  with 
Professor  Unwin  and  Mr.  Schonheyder,  was  certainly  in  the  hottest 
gases  from  the  furnace.  If  placed  anywhere  else,  it  would  be  more 
cumbrous  and  less  efficient.  He  could  hardly  agree  with  Mr. 
Schonheyder's  opinion  (page  217)  that  the  reason  why  the 
superheating  pipes  had  not  deteriorated  was  because  the  degree 
of  superheating  was  so  slight.  The  fact  must  have  been  overlooked 
that  the  temperature  of  the  steam  in  the  pipes  was  some  600°  Fahr. ; 
and  that  opinion  must  have  been  based  on  the  temperature  of  the 
steam  as  it  left  the  boiler  after  passing  through  the  radiating  pipes. 
After  an  experience  with  two  superheaters,  which  had  each  worked 
more  than  the  equivalent  of  three  years  at  ordinary  factory  hours 
without  a  hitch  or  any  signs  of  deterioration  with  steam  in  the  tubes 
of  600°  Fahr.  and  over,  he  thought  he  was  justified  in  saying  with 
confidence,  not  only  that  the  back  of  the  furnace  was  the  fittest  and 
most  economical  position  for  the  superheater,  but  that  this  position 
presented  no  dangers.  Deterioration  under  the  circumstances  was 
no  more  necessary  or  rapid  than  it  was  in  an  ordinary  fire-box. 

In  acknowledging  the  honour  of  having  been  asked  to  read  these 
notes  before  the  Institution,  he  hoped  his  efforts  might  in  some  small 
degree  promote  the  advancement  and  more  general  adoption  of 
superheated  steam,  which  could  not  fail  to  be  accelerated  by  the  full 
discussion  that  had  been  elicited  by  the  paj)er. 

The  President  was  sure  the  members  would  agree  with  him  in 
passing  a  hearty  vote  of  thanks  to  Mr.  Patchell  for  his  valuable 
contribution  to  the  proceedings  of  the  Institution.  He  hoped  also 
that  the  author's  remarks  in  the  discussion  would  induce  Professor 
Unwin  to  give  the  fullest  possible  particulars  as  to  the  successful 
economical  results  obtained  in  Alsace. 
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Mr.  William  H.  Booth  wrote  that  the  author's  conclusions 
relative  to  the  injurious  eflfect  of  alternations  of  saturated  and 
superheated  steam  were  particularly  interesting,  and  he  should  be 
glad  to  hear  what  explanation  could  be  offered  as  to  the  nature  and 
cause  of  this  trouble.  This  was  the  more  important  in  face  of  the 
possibility  of  a  flue  superheater  acting  as  a  condenser,  in  the  event' of 
a  great  inrush  of  cold  air  by  way  of  the  furnaces.  He  desired  to 
emphasize  the  necessity  of  providing  by-passes  for  the  flue  gases, 
when  the  steam  is  not  flowing  through  the  superheater  pipes.  The 
experience  of  the  author  and  others  during  the  past  year  or  two 
appears  to  be  strongly  in  favour  of  the  view  that  steam  when  moving 
is  an  efficient  means  of  absorbing  heat  from  fire-heated  pipes  ;  and  to 
many  engineers  the  durability  of  superheater  pipes  has  come  rather 
as  a  surprise.  The  remarkable  results  obtained  with  the  McPhail 
apparatus  in  increasing  the  efficiency  of  steam  boilers  have  been 
received  with  considerable  doubt ;  and  the  writer  has  himself  made 
special  enquiries  from  reliable  engineers  in  Lancashire,  who  have 
informed  him  that  these  results  have  actually  been  obtained.  They 
have  thus  furnished  another  proof  of  the  efficiency  of  heating  surface 
when  applied  in  the  form  of  a  tubular  superheater.  It  is  satisfactory 
to  find  that  the  author's  own  experience  fully  corroborates  the  figures 
obtained  elsewhere.  Especially  is  line  8  of  Table  6  (page  151)  to  be 
noted,  showing  the  great  increase  in  the  capacity  of  the  boiler  by 
superheating.  Hitherto  priming  has  been  looked  on  as  a  serious 
fault  in  a  steam  boiler ;  but  with  superheaters  in  conjunction  with 
boilers  it  would  seem  as  though  priming  has  become  a  virtue,  being  a 
means  whereby  thoroughly  wet  steam  may  be  carried  over  to  suitable 
evaporative  surfaces,  and  be  there  converted  into  good  dry  steam. 
Priming  has  lost  its  terrors ;  and  the  importance  is  great  of  the 
figures  in  page  156  resulting  from  the  combined  cfiects  of  superheating 
and  assisted  draught.  In  this  connection  the  writer  thinks  that 
sufficient  attention  has  not  yet  been  paid  to  the  novel  form  of  Solignac 
boiler  recently  described  in  L'Industrie  Electrique  (1895,  pages 
2G3-8),  in  which  the  whole  of  the  evaporation  is  conducted  in  a  series 
of  tubes  fed  from  a  water  drum  by  a  fine  jet,  which  is  forced  into  each 
tube  Viy  a  special  circulating  pump.    It  is  perhaps  a  little  unfortunate 
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that  the  results  of  using  superheaters  as  evaporators  have  proved  so 
good  that  to  some  extent  the  object  of  a  superheater,  namely  actual 
sujierheating,  has  been  rather  pushed  into  the  background.  There  can 
be  little  doubt  that  water,  in  whatever  way  it  enters  the  cylinder  of  a 
steam  engine,  has  a  cumulative  effect  in  promoting  waste.  If  this  were 
fully  recognized,  it  would  be  as  fully  perceived  that  the  reduction 
of  wetness  has  also  an  economical  effect  greater  than  might  be 
superficially  apparent ;  and  it  follows  that  the  quantity  of  heat  to  be 
iidded  to  steam  bears  only  a  small  ratio  to  the  amount  of  cylinder 
condensation  :  that  in  fact  the  amount  of  superheat  need  be  little  in 
excess  of  what  is  required  to  supply  the  heat  which  disappears  as 
work  during  the  expansive  portion  of  the  stroke.  It  is  to  be  hoped 
that  the  author  will  follow  up  this  paper  with  another  dealing  with 
the  effect  of  superheating  in  the  engines  themselves,  as  soon  as  he 
can  collate  observed  results  ;  and  that  he  will  not  rest  satisfied  with 
having  overcome  the  priming  difficulty,  but  will  go  on  to  reap  the 
full  benefit  of  superheating  at  the  engine.  The  fact  of  the 
disappearance  of  so  many  degrees  of  superheat  between  the 
superheater  and  the  engine  in  all  recorded  tests  seems  strong 
■evidence  that,  where  there  is  no  superheat,  the  same  loss  of  heat 
must  occur,  and  must  cause  steam  to  be  exceedingly  wet ;  and  the 
fault  of  wetness  is  just  as  serious  as  want  of  superheat,  and  with  wet 
steam  it  can  never  be  known  how  serious  the  fault  really  is  ;  whereas, 
even  if  there  be  only  a  few  degrees  of  superheat,  it  is  known  there 
can  be  no  moisture  present.  It  is  likely  that  the  large  saving  found 
to  occur  with  only  a  small  amount  of  superheat  is  sometimes  to  be 
credited  to  the  absence  of  a  previously  large  degree  of  wetness. 

Mr.  William  Geipel  wrote  that,  although  the  pajier  does  not 
deal  quite  so  fully  with  superheating  as  could  have  been  wished,  yet 
it  has  at  any  rate  brought  forward  several  points  of  great  interest ; 
moreover  it  has  been  the  means  of  eliciting  from  such  authorities  as 
Professor  Kennedy  and  Professor  Unwin  information  which  is  of 
the  greatest  interest  and  use,  not  only  to  the  members  of  this 
Institution  but  to  the  great  majority  of  engineers  all  over  the 
world.     Superheating   the  writer   thinks   should  not   be   employed 
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incliscriminatcly :  at  any  rate  not  for  all  purposes  to  such  a  liigli 
limit  as  has  been  mentioned,  without  first  thoroughly  weighing  the 
advantages  against  the  disadvantages.  Superheated  steam  he  thinks 
it  is  generally  acknowledged  has  materially  less  effect  on  the 
economy  of  high-speed  than  of  low-speed  engines ;  in  fact  Cotterill 
("  The  Steam  Engine,"  1890,  page  336)  goes  so  far  as  to  state  that 
the  initial  condensation  in  a  cylinder  varies  inversely  as  the  square 
root  of  the  speed  of  engines,  showing  how  important  is  the  bearing  of 
speed  on  the  advisability  of  superheating.  The  tests  given  in  the 
paper  seemingly  go  to  prove  this;  for  although  unfortunately  in 
none  of  the  tables  does  the  speed  of  the  engines  appear,  yet  it  seems 
they  were  all  slow-speed  engines,  with  the  one  exception  of  the 
Willans  engines  used  in  the  test  recorded  in  Table  6,  which  shows 
much  less  saving.  This  point  is  noticed  in  the  paper  (pages  150-1), 
and  the  suggestion  is  made  that  it  may  be  accounted  for  by  the  engine 
not  being  in  such  good  order  in  the  second  test,  with  superheating, 
as  in  the  first,  without  superheating.  In  the  writer's  opinion  this 
explanation  is  wrong,  and  the  result  is  entirely  due  to  the  use  of  a 
high-speed  engine  with  a  throttle-valve  governor ;  if  acting  at  all, 
the  throttle-valve  governor  causes  wire-drawing  and  consequent 
superheating.  With  slow-running  engines,  especially  those  which 
have  Corliss  or  other  automatic  cut-off  gear,  the  economy  due  to 
superheating  is  by  no  means  overstated  in  the  jiaper.  Broadly 
speaking  the  writer  thinks  that  superheating  has  less  beneficial 
effect  in  multiple-expansion  engines  than  in  engines  where  the  whole 
of  the  expansion  takes  place  in  one  cylinder ;  at  any  rate  the  benefit  is 
less  where  the  multiple  expansion  reduces  the  range  of  temijcrature  as 
it  ought  to  do.  Even  in  multiple-expansion  engines  it  is  undoubtedly 
of  great  importance  that  there  should  be  no  water  in  the  cylinders  ; 
but  it  is  possible  tliat  such  engines  may  be  more  economically 
maintained  dry  by  the  use  of  automatic  drain-valves  or  steam-traps, 
than  by  resorting  to  so  high  a  degree  of  superheating  as  will  serve 
for  the  whole  period  during  which  the  steam  is  passing  through  the 
successive  cylinders. 

Another  point   which    has   also   .an   important   bearing   on   the 
economy   of  superheating   is   the  increased   loss   by   radiation  and 
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conduction  in  the  steam  pipes  and  receivers.  It  is  true  that  in  those 
cases  where  the  boilers  and  engines  are  near  each  other,  as  in  marine 
engines,  this  loss  may  be  insignificant  compared  with  the  advantages  ; 
but  not  so  where  the  steam-pipe  surface  is  considerable,  as  in  central 
electric-light  stations.  The  loss  owing  to  these  causes  varies  directly 
as  the  difference  in  temperature  between  the  steam  and  the 
atmosphere.  As  previously  pointed  out  by  the  writer  (Proceedings 
October  1895,  page  578),  with  saturated  steam  at  150  Ibs.pressure 
per  square  inch  this  loss  is  as  much  as  half  a  ton  of  coal  per  annum 
for  every  square  foot  of  pipe  surface  uncovered  which  is  in  use  during 
the  whole  year ;  or  if  lagged,  one-third  of  this  amount.  Thus  for  a 
pipe  surface  of  1,000  square  feet,  which  is  certainly  not  much  for  a 
central  station,  the  loss  would  amount  to  say  250  tons  of  coal  per 
annum.  If  the  steam  were  superheated  even  to  the  extent  of  234^ 
Fahr.  of  superheat,  as  mentioned  in  page  144,  this  loss  would  be 
nearly  double.  It  would  be  interesting  to  know  whether  Professor 
Unwin,  in  estimating  the  saving  of  coal  by  superheating  at  15  to  20 
per  cent.,  has  included  any  deduction  for  this  important  source  of 
loss.  In  such  cases  as  the  last,  a  certain  amount  of  superheating  has 
long  been  advocated  by  the  writer :  namely  a  sufficient  amount  to 
make  up  for  the  condensation  in  the  pipes  and  to  deliver  dry 
saturated  steam  to  the  engine.  Even  in  the  case  of  high-speed 
engines  this  is  desirable.  It  is  not  certain  however  whether  this 
small  amount  of  superheating  cannot  be  obtained  by  simply  working 
the  boiler  at  a  rather  higher  pressure,  and  throttling  the  steam  at  the 
stop- valve  by  means  of  an  automatic  reducing  valve.  The  complication 
of  pipes  and  joints  inherent  in  superheaters  would  thereby  be 
avoided ;  but  where  higher  degrees  of  superheating  are  advisable,  the 
plan  would  be  impracticable.  In  the  McPhail  superheater  the  plan 
of  first  superheating  the  steam  and  then  taking  away  the  superheat 
by  passing  the  steam  again  through  the  boiler  seems  but  a  make-shift 
arrangement.  Eeference  is  made  in  page  150  to  the  great  increase 
in  the  capacity  of  the  author's  boiler  since  the  adoption  of  this 
superheater ;  but  before  its  adoption  it  appears  from  Table  6  that  the 
boiler  was  doing  far  less  than  its  capacity  as  rated  by  the  makers, 
evaporating  not  more  than  1*9  lb.  of  water  per  hour  per  square  foot  of 
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heating  surface.  From  Babcock  and  Wilcox  boilers  the  writer  lias 
with  case  got  twice  this  duty,  and  more  by  forcing  ;  while  it  is  not 
apparent  liow  the  coal  consumed  per  hour  per  square  foot  of  grate 
was  as  low  as  11-3  lbs.,  and  how  with  the  superheater  15 "5  lbs. 
<50uld  be  burned.  Is  not  the  better  boiler  efficiency  at  least  partly 
attributable  to  the  use  of  a  thicker  fire  ?  Even  15  •  5  lbs.  is  a  low 
rate  of  consumption,  seeming  to  indicate  abnormal  conditions  in  the 
boiler  arrangements,  about  which  the  author  might  perhaps  be  able 
to  give  further  particulars. 

Mr.  Patchell  regretted  he  was  unable  to  supply  a  satisfactory 
•explauation  (page  224)  as  to  the  injurious  efi'ect  of  alternations  of 
saturated  and  superheated  steam,  referred  to  in  page  138.  The 
experience  however  of  the  Hamburg  and  Leith  steamer,  mentioned 
by  Mr.  McPhail  (page  211),  showed  that  a  simple  flue  superheater 
uncontrolled  was  still  capable  of  repeating  the  old  effects  in  a 
reasonably  short  time,  although  such  effects  had  been  entirely  absent 
when  the  degree  of  superheat  was  regulated  by  the  radiating  pipes. 

The  suggestion  of  Mr.  Geipel  (page  226),  that  the  small  saving 
■due  to  superheating  on  the  Willans  engine  was  occasioned  by  the 
superheat  due  to  wire-drawing  at  the  governor,  would  not  suffice. 
The  engine  was  run  on  each  trial  with  the  governor  valve  so  wide 
open  that  wire-drawing  was  practically  absent,  and  would  not  begin 
nntil  the  engine  was  running  away.  The  degree  of  superheating 
which  saturated  steam  underwent  by  wire-drawing  was  merely 
nominal,  unless  the  fall  in  pressure  was  considerable.  In  multiple- 
•expansion  engines  it  would  probably  be  more  economical  to  re-heat 
the  steam  between  the  cylinders  than  to  attempt  to  drain  the  water 
off  by  steam  traps  or  valves,  even  if  they  discharged  water  only, 
which  unfortunately  they  did  not. 

Mixing  superheated  steam  from  the  two  boilers  at  Maiden  Lane 
liad  greatly  diminished  the  discharge  from  the  steam  traps,  and 
enabled  some  of  them  to  be  put  out  of  action ;  as  more  superheaters 
were  added,  he  hoped  to  work  with  the  steam  traps  shut  off  entirely, 
except  at  starting  or  at  times  of  low  load,  and  to  effect  an  economy 
thereby. 
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The  evaporation  given  in  Table  6  was  practically  tlie  same  as 
that  daily  obtained  without  excessive  priming,  which  had  been  the 
limit  to  the  duty  before  the  superheater  was  fixed.  Priming  became 
a  virtue,  as  aptly  pointed  out  by  Mr.  Booth  (page  224),  after  the 
superheater  was  fixed  and  full  benefit  could  be  taken  of  the  available 
draught.  Since  the  fan  had  been  fixed,  the  evaporation,  measured 
over  periods  of  an  hour  or  two,  had  frequently  been  at  the  rate 
of  12,000  lbs.  an  hour  ;  but  to  quote  such  figures  as  the  evaporation 
of  a  boiler  was  only  misleading,  as  it  could  not  be  maintained  in 
regular  work  over  long  periods. 
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By  Me.  SAMUEL  :\I.v;CArvTHY.  of  Loxdox. 


The  constantly  increasing  use  of  steam  at  high  pressures,  botli 
for  marine  and  land  engines,  renders  the  employment  of  the  most 
suitable  and  reliable  Steam-Pii:)es  a  matter  of  the  utmost  importance 
"  and  interest  to  engineers ;  and  it  is  somewhat  surprising  that  the 
subject  does  not  ajipear  to  have  been  brought  before  this  Institution, 
for  consideration  and  discussion,  during  so  long  a  period. 

Cast-Iron  and  Cojjper  Pipes. — Cast-iron,  which  has  the  advantage 
of  being  seamless,  and  which  can  be  moulded  into  any  desii'ed 
shape,  is  heavy,  cumbrous,  frequently  porous,  and  always  liable  to 
fracture  by  a  blow.  The  necessarily  great  thickness  of  cast-iron 
steam-pipes,  and  the  rigidity  of  the  bends,  also  add  greatly  to  the 
difficulties  of  arranging  for  expansion.  Hence  the  use  of  this  material, 
for  pressures  over  50  or  CO  lbs.  per  square  inch,  is  becoming  more 
and  more  rare.  Copjior,  which  for  so  long  a  period  was  almost 
exclusively  adopted  in  the  navy,  and  also  to  a  great  extent  in  the 
mercantile  marine,  for  steam  and  feed-pijics,  has,  in  consequence  of 
numerous  disastrous  failures,  become  of  late  years  greatly  discredited. 
The  causes  of  its  failure  need  not  be  entered  into  here,  inasmuch  as 
the  subject  was  fully  dealt  with  in  the  paper  on  steam-pipes  which 
was  read  by  Mr.  J.  T.  Milton  before  the  Institution  of  Xaval  Architects 
in  April  1895  (Transactions,  vol.  xxxvi,  jiage  191). 
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WrougJit-Iron  and  Steel  Pipes. — Cast-iron  and  copper  having 
failed  to  afford  the  necessary  security  and  confidence  in  connection 
with  steam  at  high  pressures,  there  arose  a  great  demand  for  welded 
wrought-iron  or  steel  pipes  ;  which  was  promptly  met  by  the  leading 
tube-makers,  who  lost  no  time  in  procuring  the  req[uisite  machinery 
for  their  manufacture.  With  regard  to  the  respective  merits  of  iron 
and  steel  for  this  purpose,  as  for  many  others,  there  has  always  been 
a  great  difference  of  ojiinion  among  engineers ;  and  the  controversy  is 
not  yet  at  an  end,  but  invites  renewed  experiment  and  useful 
discussion.  In  the  early  days  of  the  manufacture  of  large  welded 
steam-pipes,  iron  was  most  frequently  preferred ;  and  doubtless  the 
preference  was  then  wise,  and  was  justified  by  experience,  inasmuch 
as  at  that  time  the  manufacture  of  steel  plates  had  not  reached  the 
degree  of  perfection  to  which  it  has  since  attained.  Not  only  were 
the  steel  plates  often  laminated  and  blistered,  but  it  was  difficult  to 
procure  mild  steel  of  a  suitable  quality  for  welding.  Happily  these 
troubles  have  to  a  great  extent  disappeared ;  and  an  abundance  of 
excellent  mild  steel  can  be  obtained,  which  can  be  welded  as  readily 
as  iron. 

Corrosion. — One  of  the  principal  objections  raised  by  the 
opponents  of  steel  has  been  that  it  is  more  subject  to  corrosion  than 
iron;  and  doubtless  this  would  be  a  grave  defect,  if  shown  by 
experience  to  prevail.  This  matter  was  dealt  with  at  great  length 
in  the  paper  on  the  comparative  endurance  of  iron  and  mild  steel 
when  exposed  to  corrosive  influences,  which  was  read  by  Mr.  David 
Phillips  before  the  Institution  of  Civil  Engineers  in  March  1881 
(Proceedings,  vol.  Ixv,  page  73).  As  the  result  of  numerous 
experiments,  he  came  to  the  conclusion  that  steel,  in  the  form  either 
of  boiler  tubes  or  of  plates,  was  greatly  inferior  to  iron  in  power  to 
resist  corrosion ;  but  in  the  lengthened  discussion  which  followed, 
the  speakers  were  almost  unanimous  in  their  dissent  from  this 
conclusion.  At  all  events,  whatever  may  be  the  result  as  regards 
boiler  tubes,  there  is  every  reason  to  believe  that  welded  steel  steam- 
pipes  are  free  from  any  risk  in  this  respect.  Recently  the  author  has 
had  an  opportunity  of  examining  several  lengths  of  7-inch  steam- 
pipes  and  bends,  made  of  steel,  at  the  City  of  London  electric  lighting 
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station  at  Bankside,  wliicli  have  been  constantly  at  work  at  a  pressure 
of  160  lbs.  for  over  three  years,  and  which  exhibit  not  the  slightest 
appearance  of  pitting,  scoring,  or  corrosion  in  any  form.  Although 
only  an  isolated  case,  this  affords  pretty  strong  evidence  so  far  as  it 
goes ;  and  the  author  has  never  heard  of  a  single  complaint  as  regards 
corrosion  of  steel  steam-pipes  in  connection  with  the  large  quaiitities 
which  have  been  supplied.  In  erecting  ranges  of  steam-pipes  great 
■  care  should  be  taken  to  ensure  efficient  drainage  ;  for  should  there 
be  any  point  in  the  range  where  the  condensed  water  is  allowed  to 
lodge,  corrosion  will  no  doubt  take  place  sooner  or  later  at  that  part, 
whether  the  pipes  are  made  of  wrought-iron  or  of  steel. 

TMcJcness  of  Metal. — As  to  the  comparative  thickness  of  steel  and 
iron  pipes,  it  might  naturally  be  expected  that  the  former  would  be 
made  lighter  in  proportion  to  the  greater  tensile  strength  of  steel. 
Theoretically  this  should  be  so  ;  but  in  practice  it  is  carried  out  to 
only  a  limited  extent.  Not  only  is  a  large  margin  required  for 
safety,  but  the  exigencies  of  manufacture  necessitate  a  certain 
thickness  of  plate  to  ensui-e  making  a  sound  weld ;  and  this  thickness 
cannot  be  reduced  without  risk.  For  instance,  a  common  size  of 
steam-pipe,  10  inches  bore,  is  most  conveniently  made  of  ^-inch  plate, 
which  would  be  amply  strong  enough  for  iron,  and  is  consequently 
excessive  for  steel ;  but  the  reduction  of  1-1  Gth  inch  in  the  thickness 
would  affect  the  cost  and  the  weight  so  slight] j^  that  it  is  thought 
best  to  err  on  the  safe  side.  For  larger  sizes,  of  12  to  18  inches 
bore,  it  is  found  practicable  to  make  steel  pipes  somewhat  lighter 
in  proportion  to  iron.  In  this  connection  it  is  interesting  to  note 
that  the  Admiralty  are  now  using  steel  for  all  sizes  of  steam-pipes 
over  2  inches  bore.  Above  9  inches  bore  they  still  adhere  to  the 
practice  of  having  a  butt  strap  or  cover  strip  riveted  along  the  line 
of  weld,  which  the  author  believes  to  be  worse  than  useless,  as  tlie 
numerous  rivet-holes  necessarily  tend  to  weaken  the  pipe.  It  is 
also  probable  that  the  presence  of  the  cover  strip,  in  connection  with 
the  expansion  of  the  pipe  both  circumferentially  and  longitudinally, 
has  the  effect  of  setting  up  a  tearing  strain,  which  may  result  in 
leakage  at  the  rivets.  The  addition  of  the  butt  strap  also  adds 
greatly  to  the  cost  of  the  pipes.     In  a  recent  specification  for  stean;- 
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pipes  tlie  Admiralty  fix  3-8tlis  of  an  inch  as  tlie  uniform  tliickness 
for  all  pipes  from  6  to  14  inches  diameter  of  bore,  the  tensile 
strength  of  the  steel  not  to  exceed  25  tons,  and  not  to  be  less  than 
23  tons  per  square  inch.  In  the  following  Table  1  are  given  the 
thicknesses  which  are  usually  specified  for  steam-pipes  from  6  inches 
up  to  18  inches  bore,  for  pressures  varying  from  100  to  180  lbs.  per 
square  inch ;  also  the   corresponding   hydraulic  test-pressures.     In 

TABLE  1. 
Thicknesses  of  Steel  Steam-Pipes  for  varying  pressures. 


Diameter 

Steam  Pressure,    lbs.  jser  square  inch. 

of  Bore. 

100                   120 

150                   ISO 

Inches. 

Inch. 

Inch. 

Inch. 

Inch. 

6 

1-4 

1-4 

1-4 

1-4 

7 

:8 

9 

,  . 

o-ie 

10 

1 

11 

'  * 

5-i6 

12 

546 

13 

5-16 

14 

3-'8 

15 

.. 

16 

3-8 

17 

18 

200          1         240 

300                  360 

Hydraulic  Test-Pressure 

,     lbs.  per  square  inch. 

addition  to  the  hydraulic  test,  the  pipes  are  also  tested  with  high- 
pressure  steam.  This  is  important,  because  they  are  thus  tested 
under  actual  working  conditions  as  regards  temperature  and  consequent 
expansion  ;  and  any  minute  pin-hole  which  has  not  been  revealed  by 
the  cold-water  test  is  certain  to  be  detected  under  steam. 


Methods  of  Manufacture. — It  is  frequently  supposed  that  the 
electric  arc  is  brought  into  operation  for  welding  the  longitudinal 
scam  of  the  barrel  of  the  pipe.  As  a  matter  of  fact  this  is  not  the 
case.  It  can  of  course  be  done,  and  has  been  done  successfully  in 
many  instances  ;  but  as  it  was  found  from  experience  that  no  saving 
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in  cost  was  effected,  and  that  nothing  was  gained  either  in  speed  or 
in  efficiency  by  the  use  of  electricity  for  this  purpose,  the  straight 
seams  are  still  welded  in  the  ordinary  manner :  namely,  either  in  the 
rolls,  or  by  gas  and  power. 

Boll  Welding. — In  this  process  the  iron  or  steel  in  the  shape  of 
strip  is  first  scarfed  along  both  edges  in  a  planing  machine,  on  the 
-outer  face  along  one  edge  and  on  the  inner  face  along  the  other ; 
it  is  then  heated  in  a  muffle,  and  by  being  drawn  through  skelping 
dies  is  bent  into  tubular  form  or  skelp,  and  is  ready  for  the  welding 
furnace.  When  the  welding  heat  is  reached,  the  skelp  is  withdrawn 
from  the  furnace  with  tongs,  as  shown  in  Plate  43,  and  the 
end  is  placed  upon  the  head  of  a  horizontal  mandril  fixed  to  a  long 
rod,  which  is  held  between  a  pair  of  revolving  rolls  that  are  turned 
to  suit  the  particular  size  of  tube  being  made.  The  skelp  being 
seized  by  the  rolls  is  raj^idly  welded  by  the  j)ressure  exerted  upon  it 
between  the  two  rolls  on  the  outside  and  the  mandril  on  the  inside  of 
the  tube.  In  all  cases  the  tube  is  drawn  twice  through  the  rolls  at  a 
welding  heat,  the  process  being  the  same  each  time.  On  finally 
leaving  the  welding  rolls,  the  tube  passes  through  a  mangle  or 
reeling  machine,  which  straightens  it ;  the  ends  are  then  cut  off 
square,  and  it  is  ready  for  testing. 

Gas  Welding. — The  strips  after  being  scarfed  along  their  edges 
are  heated  only  cherry  red  in  a  muffle,  and  are  then  bent  to  the 
required  diameter  in  the  rolls.  The  pipe  is  next  placed  on  a  "  beak," 
as  shown  in  Plate  4-i,  and  a  jet  of  gas  G,  Fig.  4,  is  brought  to 
bear  along  the  seam,  whereby  in  a  short  time,  varying  according  to  the 
thickness  of  the  plate,  a  length  of  about  6  to  8  inches  is  brought  to 
a  welding  heat.  A  small  quick-speed  steam-hammer  fixed  above  the 
work  then  rapidly  closes  the  seam,  and  completes  the  weld.  The 
operation  is  rejicated  on  the  next  length,  until  the  longitudinal 
seam  is  completed.  The  use  of  gas  renders  the  process  clean, 
and  absolutely  free  from  dust  and  other  impurities ;  and  the  edges 
of  the  pipe  having  been  carefully  freed  from  scale  after  leaving  the 
heating  furnace  and  rolls,  a  perfectly  sjund  weld  is  obtained.     At 
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some  works  all  sizes  of  pipes  are  made  througli  the  rolls  ;  while  at 
others  this  method  is  followed  only  up  to  8  inches  bore,  and  all  the 
larger  sizes  are  welded  by  gas. 

Benardos  Arc  Welding. — It  is  in  the  manufacture  and  attachment 
of  flanges,  branches,  bends,  and  tee  pieces,  that  the  Benardos  system 
of  welding  by  means  of  the  electric  arc  plays  such  an  important  part. 
This  process  has  now  been  in  constant  operation  for  over  five  years  at 
Messrs.  Lloyd  and  Lloyd's  Coombs  Wood  Works,  near  Halesowen,  with 
which  the  author  is  connected,  where  during  this  period  it  has  been 
employed  chiefly  on  large  steel  j)ipes  and  connections,  suitable  for  high- 
pressure  steam.  The  process  has  been  so  fully  and  clearly  described 
from  time  to  time  in  the  various  technical  and  scientific  journals,  that 
it  is  tmnecessary  to  do  more  than  briefly  illustrate  it  here,  before 
showing  its  special  application  in  connection  with  the  subject  of  the 
present  paper.  The  method  of  working  is  simple.  Ordinary  low- 
tension  continuous-current  lighting  dynamos  are  used ;  to  the 
terminals  of  these  a  battery  of  Benardos  accumulators  is  connected, 
into  which  the  current  flows  continuously.  AYhen  the  welding 
circuit  is  closed,  the  current  flows  from  the  dynamos  and  accumulators  ; 
and  large  resistances  are  used  when  necessary.  In  this  way  a  large 
discharge  is  obtained,  equal  to  about  twice  the  capacity  of  the 
dynamos,  and  the  load  factor  of  the  apparatus  is  high.  For  some 
purposes  it  is  possible  to  work  without  the  accumulators  ;  but  when 
this  is  done  the  efficiency  of  the  apparatus  is  not  so  high,  because 
during  part  of  the  working  period  no  current  whatever  is  passing, 
and  the  machinery  is  running  light. 

As  illustrated  by  the  diagram,  Fig.  6,  Plate  45,  the  plant  is  run  on 
the  parallel  system  ;  and  between  the  terminals  of  the  dynamos  or 
battery  as  many  welding  arcs  can  be  connected  as  may  be  desired  ; 
and  every  welder  is  able,  independently  of  the  others,  to  vary  his 
own  current  to  suit  the  work  in  hand  at  the  moment.  One  terminal  of 
the  circuit  is  connected  by  means  of  a  flexible  cable  to  a  carbon  pencil 
in  an  insulated  holder.  Figs.  7  to  9,  which  is  held  by  the  workman  ; 
the  other  terminal  is  connected  to  the  table  on  which  the  work  lies, 
or  to  the  work  itself.     When  iron  or  steel  is  under  treatment,  it  is 
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usual  to  make  the  carbon  tlie  negative  pole,  and  the  iron  or  steel 
the  positive  pole  ;  but  for  other  metals  the  poles  are  sometimes 
reversed. 

In  the  appendix  is  given  a  summary  of  the  results  of  experiments 
made  by  Messrs.  David  Kirkaldy  and  Son  for  Messrs.  Lloyd  and 
Lloyd,  to  ascertain  the  tensile  strength  of  electric-welded  bars  of 
various  brands  and  sizes ;  and  also  a  comparison  of  these  with  fire- 
welded  bars. 

Flanges. — The  method  usually  adopted  for  welding  flanges  to 
steam-pipes  is  as  follows,  Figs.  10  to  15,  Plate  46.  The  flange  is 
stamped  out  under  the  steam-hammer  in  such  a  way  that  a  V  shaped 
groove  is  left  on  the  inside  edge,  as  shown  in  Fig.  11,  extending  about 
three-fourths  through  the  thickness  of  the  metal.  The  flange  is  next 
shrunk  upon  the  tube,  with  its  flat  face  outwards  or  at  the  end  of 
the  tube,  and  is  carefully  set  in  the  exact  position  required,  Fig.  12. 
The  welding  consists  in  laying  small  pieces  of  steel  in  the  V  shaped 
groove,  and  welding  them  in  one  by  one  by  means  of  the  electric  arc, 
Fig.  12,  the  welds  being  freely  hammered  between  each  heat.  The 
welder  makes  a  complete  circuit  of  the  back  of  the  flange,  and  fills  it 
up  sufficiently  to  make  a  fillet  of  about  1^  inch  radius.  Fig.  13.  In 
this  way  the  flange  is  solidly  welded  to  the  tube  at  the  back,  and 
about  three-fourths  of  the  way  through  its  thickness,  Fig.  13  ;  but 
the  front  or  outer  side  is  not  yet  welded.  The  tube  is  then  up-ended. 
Fig.  14,  and  the  outer  side  of  the  flange  is  welded  to  the  tube,  the 
only  difference  being  that  the  heat  of  the  arc  is  used  to  burn  out  a 
cavity  all  round  the  junction  of  the  pipe  and  the  flange,  until  the 
depth  is  reached  at  which  the  two  have  already  been  united ;  this 
cavity  is  then  welded  iip,  Fig.  15,  in  the  same  way  as  the  back  of  the 
flange,  thus  ensuring  that  the  flange  is  welded  solid  to  the  pipe  right 
through. 

Outlets,  Branches,  and  Tee  Pieces. — The  welding  in  of  outlets  and 
branches  into  steam-tubes  is  done  by  much  the  same  method  as 
already  described  in  the  case  of  the  flanges.  The  outlet,  which 
consists  of  a  piece  of  ordinary  lap-welded  tube,  is  cut  off  to  the 
recjuired  length,  and  a  hole  is  burnt  by  the  arc  in  the  tube,  large 
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enough  for  tlie  outlet  just  to  fit  into.  Wlien  fixed  in  the  right 
position  the  outlet  is  welded  in,  as  in  the  case  of  the  flange,  by  laying 
on  small  pieces  of  steel  about  1  inch  long  by  f  inch  wide  and  ^  inch 
thick,  and  welding  them  in  one  by  one,  continuing  the  process  all  round 
the  outlet,  until  a  fillet  is  formed  of  about  1^  inch  radius,  but  this 
varies  slightly  with  the  position  of  the  outlet  on  the  tube.  A  tee 
piece  is  made  in  a  precisely  similar  way,  a  short  piece  of  tube  being 
welded  into  a  longer  piece,  Fig.  16,  Plate  47  ;  and  a  cross,  Fig.  17, 
is  made  by  welding  two  similar  short  pieces,  one  on  either  side  of 
the  main  tube. 

Bends  and  Expansion  Pipes. — These  are  made  by  the  same  method 
as  the  outlets  and  tee  pieces.  In  Fig.  18,  Plate  48,  is  shown  a  form  of 
expansion  bend,  of  which  a  number  are  at  work,  and  are  found 
highly  effective. 

Length  and  Size  of  Arc. — One  point  in  connection  with  electric- 
welded  work,  to  which  the  author  would  call  special  attention,  is 
the  length  and  size  of  the  arc  which  is  used  in  the  welding  of 
various  kinds  of  work.  With  a  short  arc,  the  carbon  point  is  brought 
down,  too  close  to  the  steel ;  and  the  result  is  inferior  work,  not  only 
from  the  presence  of  the  carbon,  but  also  because  the  heat  is 
concentrated  upon  so  small  a  surface  that  the  strains  set  up  in 
cooling  are  considerable.  The  longer  the  arc,  the  softer  and  more 
diff'used  is  the  heat ;  and  any  slight  strain  which  may  be  set  up  can 
be  got  rid  of  by  careful  annealing.  A  long  arc  is  therefore 
indispensable  to  the  proper  working  of  the  system. 

Strength  of  Electric-welded  Flanges. — An  8-inch  iron  pipe  ^  inch 
thick,  with  flanges  electrically  welded  on,  when  tested  to  destruction 
at  Lloyd's  Proving  House,  Netherton,  broke  in  the  body  of  the 
pipe  at  over  88  tons,  the  welded  part  remaining  intact;  and  a 
similar  jjipe  of  steel  broke  in  the  welded  part  of  the  flange  at  over 
101  tons.  These  tests  were  tensile  only,  and  were  carried  out  with 
the  view  of  proving  the  absolute  soundness  and  consequent  strength 
of  the  flanges  electrically  welded  on.  For  this  purpose  special 
tackle  was  made.     A  blank  flange  with  an  eye-bolt  attached  was 
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secured  to  eacli  flange  of  the  pipe,  and  the  chain  of  the  testing 
machine  was  connected  with  the  eye-bolts  at  each  end,  with  the  result 
given  above. 

Otlier  applications  of  Arc  Weldinrj. — All  kinds  of  work  of  the 
above  description  can  be  readily  and  satisfactorily  done  by  this 
process ;  but  its  utility  in  large  works  does  not  stop  here.  Small 
flanges  can  be  heated  and  welded  upon  tubes  by  spinning  them 
in  a  lathe  at  a  high  speed,  and  allowing  the  arc  to  play  on  them, 
the  weld  being  made  by  the  pressure  of  two  rollers,  one  inside  and 
the  other  outside  the  tube.  Defects  in  steel  castings  and  in  finished 
forgings  can  be  repaired  with  the  greatest  ease ;  and  the  fact  that, 
when  such  repaired  articles  are  faced  or  turned  in  the  lathe,  the 
turnings  come  away  sound  and  whole,  is  a  proof  that  tlie  welding 
has  been  perfect,  and  that  the  metal  has  not  been  burnt  or  rendered 
brittle  by  the  process. 

Eeverting  to  steam-pipes  with  flanges  and  outlets  electrically 
welded  on,  these  have  been  in  constant  request  ever  since  the 
Benardos  system  was  introduced  into  this  country  some  five  and  a 
half  years  ago  by  Mr.  Henry  Howard ;  and  the  electric  welding 
department  at  Messrs.  Lloyd  and  Lloyd's  Coombs  Wood  Works 
has  been  kept  going  almost  night  and  day.  The  principal  demand 
has  come  from  the  various  electric  lighting  works,  for  which  the 
advantage  and  security  were  at  once  recognised  of  the  solid  welded 
flange,  and  also  of  the  reduction  in  the  number  of  joints  by  the 
outlets  being  welded  to  the  tube.  In  many  instances  also  the  bend 
and  the  tube  have  been  made  in  one  iiiece,  thus  further  reducing 
the  joints.  The  City  of  London  electric  lighting  station  at 
Bankside  has  been  almost  entirely  fitted  with  these  pipes.  They  are 
also  adopted  at  the  Metropolitan  electric  lighting  station  at  Amberley 
Eoad,  the  Kensington  and  Knightsbridge,  the  Bristol,  and  the 
Nottingham  electric  lighting  stations,  and  many  others.  Among 
users  of  these  pipes  and  fittings  in  connection  with  high-pressure 
steam-engines  may  be  mentioned  Messrs.  Pearson  and  Sons,  Blackwall 
Tunnel  Works ;  Messrs.  J.  Musgrave  and  Sons,  Bolton ;  Sir  Titus 
Salt,  Bart.,  Sons,  and  Co.,  Saltaire ;  and  many  otliers. 
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Joints. — In  connection  with  the  cognate  subject  of  joints,  the 
author  is  enabled  by  the  kindness  of  Mr.  Frank  Bailey  to  describe 
a  simple  form  of  joint  in  use  at  the  City  of  London  and  the 
Metropolitan  electric  lighting  stations,  which  in  conjunction  with  the 
solid  electrically  welded  flanges  has  given  excellent  results.  As 
shown  in  Fig.  19,  Plate  48,  the  joint  is  made  simply  with  a 
copper  ring  l-8th  of  an  inch  thick,  of  which  a  specimen  is  exhibited. 
These  rings  are  cut  of  the  required  thickness  from  a  copper  cylinder 
of  the  necessary  size,  and  are  carefully  annealed.  The  great 
thickness  of  the  solid  welded  flanges  admits  of  their  being  screwed 
tightly  together,  without  any  possibility  of  springing;  and  an 
absolutely  steam-tight  and  durable  joint  is  thereby  made,  which 
gives  no  trouble  whatever.  The  joint  shown  in  Fig.  19  is  one  made 
between  two  butt  ends  of  wrought-iron  steam-pipe,  which  have  not 
got  flanges  welded  on  them,  but  only  collars  welded  on  or  screwed  on 
and  brazed ;  behind  the  collars  are  loose  wrought-iron  flanges,  in 
which  the  bolt-holes  have  been  drilled  to  template  before  fixing  the 
collars  on  the  pipe  ends  ;  the  loose  flanges  facilitate  adjustment  in 
making  the  joint. 

Bolt  Jwles. — Another  great  advantage  of  the  solid  welded  flange 
is  that  it  obviates  any  difficulty  with  the  bolt  holes.  The  freq[uent 
trouble  and  annoyance  experienced  with  screwed  flanges,  from  the 
bolt  holes  not  coming  fair  opposite  each  other,  are  well  known  ;  and 
the  objections  to  flanges  riveted  on  steam  pipes  are  too  obvious  to 
need  any  comment. 


Appendix. 


In  Table  2  (pages  240-1)  is  given  a  summary  of  experiments  to 

ascertain  the  tensile  strength,  contraction  of  area,  and  extension,  of 

electrically  welded  bars  of  Lowmoor  iron,  Parkgate  steel,  Farnley  iron, 

and  Netherton  crown  best  iron  ;  ten  bars  were  tested  of  each  of  the 

(continued  on  page  242.) 
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TABLE  2  (^continued  on  opposite  page). 

Mean  Besults  of  Tests  of  Electric-Welded  Bars. 


Brand. 

Fracture 
Nominal  through 
1    SoUd 
Size.    ;       or 
;   Weld. 

Ultimate 

Tensile 

Strength 

per  sq.  inch. 

T 

Contraction    t-   . 
of  Area       Extension 

17    ^l                 Ten 

Fracture.         .^^-^^^^ 

c       i 

Tensile 

Strength. 

Katio" 
of  Weld 
to  Solid. 

Lowmoor  Iron 

Inches.                       Lbs.      Tons. 

„^  3        Solid    ;  58,417=261 
^Xfs       Weld      47,367=21-1 

,,^,         Solid       55,537=24-8 
-^^         Weld       48,429  =  21-6 

„^5        Solid      53.237  =  23-8 
^^i«       Weld      48,890=21-8 

„^3     I    Solid      55,363  =  24-7 
"^^3     1    Weld      49,517=22-1 

„^,         Solid    :  47,872  =  21-4 
^^^        Weld      46,343=20-7 

Per  cent. 

42-3 
17-3 

45-7 
20-9 

460 

20-7 

41-7 
16-7 

46-9 
19-2 

Per  cent. 

19-5 
7-3 

22-9 
8-1 

24-1 
9-7 

26-7 
9-0 

31-3 
10-2 

Per  cent. 
81-1 
87-2 
91-8 
89-4 
96-8 

o 

m 

o 

1 

2x1 

2X^5 

2x1 

2Xt'5 

2xg 
2xJ 

Solid 
Weld 

Solid 
Weld 

Solid 
Weld 

Solid 
Weld 

Solid 
Weld 

Solid 
Weld 

67,846  =  30-3           57-1 
49,956  =  22-3           18-4 

57,268  =  25-6           57-2 
46,482  =  20-8           16-0 

56,730  =  25-3           57-4 
44,464  =  19-8           175 

54,819  =  24-5  ;        57-1 
46,405=20-7           17-1 

55,932  =  25-0  i        54-7 
45,044  =  20-1           15-5 

54,486  =  24-3  '        61-2 
47,100  =  21-0           15-4 

22-3 
3-8 

25-7 
4-2 

27-0 
4-4 

26-4 
6-1 

26-0 
6-3 

31-5 
7-3 

73-6 
81-2 
78-4 
84-7 
80-5 
86-4 

Fnruley  Iron 

2xJ 

2x,^s 

2xi 

2xi 

2xi 

Solid 
Weld 

Solid 
Weld 

Solid 
Weld 

Solid 
Weld 

Solid 
Weld 

53,918  =  24 
46,281  =  20 

59,207  =  26 
45,887  =  20 

52,816  =  23 
48,365=21 

49,005  =  21 
48,234  =  21 

49,028  =  21 
42,343=18 

1            31 

7 ;        6 

4  37 

5  8 

6  i         35 
6  1         17 

9  I        49 
5  j         13 

9           44 
9            10 

2 
5 

4 

6 

7 
6 

4 
1 

7 
5 

17 
4 

18 
4 

23 
6 

27 
G 

.0 

4 

1 
4 

3 
5 

5 
4 

7 
6 

85-8 
77-5 
91-6 
98-4 

86-4 
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(^continued  from  opposite  page)  TABLE  2 . 
Mean  Besults  of  Tests  of  Electric-Welded  Bars. 


Brand. 

Nominal 

Size. 

Fracture 
through 

Solid 
or 

Weld. 

Ultimate 

Tensile 

Strength 

per  sq.  inch. 

T 

Contraction 
of  Area 

at 
Fracture. 

C 

Extension 

in 

Ten 

inches. 

Tensile 

Strength. 

Eatio 

of  Weld 
to  Solid. 

p 

Inches. 

Lbs.      Tons. 

Per  cent. 

Per  cent. 

Per  cent. 

c 

h- 1 

2X1^3 

Solid 
Weld 

51,892  =  23-2 
44,122  =  19-7 

23-5 
8-6 

11-2 
4-7 

85-0 

1             " 

n 

p 

Q 

1 

1        1 

2x1 

Solid 
Weld 

48,910  =  21-8 
44,995  =  20-1 

22-7 
10-8 

10-6 
4-5 

92-0 

2xTij 

Solid 
AVeld 

56,298  =  25-1 
40,732  =  18-2 

23-7 
7-0 

lS-0 
2-2 

72-4 

2xi 

Solid 
Weld 

56,292  =  25-1 
41,064=18-3 

24-3 
5-8 

20-9 
2-5 

72-9 

2xA 

Solid 
Weld 

53,485  =  23-9 
41,539  =  18-5 

29-5 
5-5 

23-2 
3-4 

77-7 

TABLE  3.— Mean  Besults  of  Tests  of  Fire-Welded  Bars 
compared  with,  Electric-Welded. 


Brand  and  Size. 
F  =  Fire-welded. 
E  =  Electric-welded. 

Ultimate 

Tensile 

Strength 

per  sq.  in. 

T 

Contraction 
of  Area 

at 
Fracture. 

Extension 

in 

Ten 

inches. 

Katio 

of 
Weld 

to 
Solid. 

Figure 

of 
merit. 

TxC 

Brand.       Inches. 
Lowmoor  Ion,  3/F 
Iron        /"^^TB^E 

Tons. 
20-3 

2I'l 

Per  cent. 
15-2 
i7"3 

Per  c 

7 
7 

ent. 

3 

3 

Per  cent. 
77-9 
81-1 

308 
365 

Lowmoor  \9„5/F 
Iron        /^^ts|e 

21-5 

21-8 

22-3 

20-7 

11 

9 

3 

7 

90-7 
91-8 

479 

4sr 

N'etherton\  9^,  /F 
Best  Iron /"^^^lE 

18-4 

20-1 

10-1 

IO-8 

3 

4 

4 

5 

84-4 

92-0 

185 

217 

Parkgate   1  9vi/F 
Steel      /-^3|e 

20-9 

22-3 

9-3 

18-4 

1 

3 

9 

8 

69-1 

73-6 

194 

410 

j  Parkgate   lov'F 
1        Steel      /^^5|e 

20-4 

21-0 

15-9 
15*4 

8 

7 

1 
3 

82-3 
86-4 

324 
323 

i                                 118 

i 

-  5  per  cent. 

_  Average  ol 
Average 

Electric-w( 
of  Fire-wel 

jlded  bars 
ded  bars 

=  1766 
=  1490 
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five  sizes  named,  and  the  mean  results  are  here  recorded  of  the  ten 
welded  and  the  ten  solid  bars  of  each  size.  All  the  welds  were 
scarf,  tlie  length  of  scarf  averaging  1^  to  li  inch.  The  results 
obtained  from  the  welds  of  Lowmoor  iron,  Parkgate  steel,  and 
Farnlcy  iron  are  satisfactory :  the  principal  features  are  absence  of 
cinder  or  impurities  fi-om  the  faces  of  the  scarf,  and  the  maintenance 
of  a  fair  amount  of  ductility  at  the  weld,  the  material  not  being 
abnormally  affected  by  the  heating.  Where  the  welds  have  come 
out  low,  the  appearance  of  the  fracture  jioints  either  to  the  metal 
having  not  been  hot  enough,  or  to  the  thin  edge  of  the  scarf  having 
cooled  before  the  weld  was  closed  by  hammering.  In  the  welds  of 
the  Xetherton  iron  there  is  a  serious  tendency  to  loss  of  ductility, 
the  fractures  showing  crystalline.  As  however  there  are  some  good 
welds  amongst  them  without  these  objections,  it  would  appear  as  if 
the  treatment,  as  regards  the  amount  of  heat,  had  not  been  adapted 
to  the  nature  of  the  iron.  In  order  to  judge  of  the  full  merits  and 
capabilities  of  the  electric  welding,  due  regard  must  be  paid  to  the 
individual  results  as  well  as  to  the  average.  The  mean  results  in 
Table  2  are  based  upon  the  whole  of  the  ten  welds,  as  far  as  the 
ultimate  stress  and  the  ratio  of  weld  to  solid  are  concerned ;  but  as 
regards  the  contraction  of  area  and  the  extension,  the  results  are  the 
mean  of  the  bars  which  broke  through  the  weld,  because  necessarily, 
where  the  weld  did  not  break,  the  contraction  and  the  ultimate 
extension  could  not  be  obtained. 

In  Table  3  (page  2-il)  is  given  a  summary  of  experiments  to 
ascertain  the  tensile  strength,  contraction  of  area,  and  extension,  of 
fire-welded  bars  of  different  sizes  of  the  foregoing  brands,  welded  by 
enoineers'  smiths  ;  and  also  a  comparison  with  the  electrically  welded 
bars.  The  general  average  of  the  electrically  heated  welds  is  seen  to 
be  18i^  per  cent,  better  in  figure  of  merit  than  that  of  the  fire-heated 
welds.  The  welding  of  the  fire-heated  iron  bars  was  well  done,  the 
difference  being  slight  compared  with  the  same  sizes  heated 
electrically  ;  but  turning  to  the  steel,  the  fire-heated  welds  are  more 
irregular  or  uncertain,  some  being  good  and  others  bad. 


April  189G.  STEEL  STEAM-PIPES.  243 


Discussion. 

Mr.  MacCarthy  exliibited  a  collection  of  siiecimens  illustrating 
the  arc-welding  processes  described  in  tlie  pajier.  One  was  a  flange 
cut  in  two  longitudinally  and  showing  the  welding  j)rocess  only 
partly  completed,  while  another  showed  it  fully  completed.  A  third 
sjiecimen  showed  the  same  thing  in  a  tee  piece,  which  was  not  quite 
finished,  having  been  purposely  left  so  in  order  to  show  the  process  of 
welding  the  shorter  piece  of  tube  into  the  longer.  All  the  specimens 
were  steel,  and  all  were  electrically  welded  precisely  in  the  manner 
described  in  the  paper  and  shown  in  the  diagrams.  The  importance 
of  the  best  possible  steam-pipes  being  used  had  been  emj)hasized 
since  the  preparation  of  the  paper  had  been  begun,  by  another 
accident  in  a  Brush  arc-light  station  in  New  York  city,  which 
had  been  reported  as  follows  in  "  The  Engineer "  of  17  January 
1896,  page  59  : — "  The  bursting  of  an  8-inch  cast-iron  elbow  ruined 
3,000  dollars'  worth  of  belting,  and  put  the  station  out  of  service  for 
twenty-four  hours.  Fortunately  the  station  attendants  escaped  with 
their  lives.  The  steam-pijung  of  a  large  central  station  has  come  to 
be  one  of  its  most  important  features,  owing  to  the  practice  of 
connecting  up  boilers  and  engines  in  such  a  manner  as  to  permit  any 
part  of  the  plant  to  be  cut  out,  and  to  the  attempt  to  provide  duplicate 
pipe  systems  to  a  greater  or  less  extent.  It  is  worth  considering 
whether  better  results  might  not  be  secured  by  striving  to  simplify 
the  pipe  systems  so  far  as  possible,  and,  instead  of  duplicating 
piping,  by  putting  sufficient  additional  expense  into  the  single  line  of 
piping  to  make  it  absolutely  safe." 

jMr.  William  Schonheydeb  concluded  that,  in  the  welding  of 
outlets,  branches,  and  tee  pieces  or  crosses,  according  to  the  process 
described  in  the  paper,  there  must  be  more  or  less  of  a  sharp  corner 
inside  the  pipe,  wherever  the  welding  had  taken  jilace.  It  must  be 
rather  a  disadvantage  he  thought  for  the  steam  to  have  to  pass  round 
a  sharp  corner ;  and  he  enquired  whether  it  was  jjossible  to  avoid 
that,  by  welding  the  junction  with  large  rounded  corners  such  as 
were  usually  preferred. 
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Mr.  Druitt  Halpix  described  a  pipe  joint  designed  by  the  late 
Mr.  Willans  for  bigli-pressure  steam-pipes,  whicli  he  thought  had 
some  advantages  over  the  joint  shown  in  Fig.  19,  Plate  48.  The 
pipe  ends  were  screwed,  and  had  heavy  flanges  screwed  upon  them  a 
short  distance  behind  the  end  of  each  pipe.  Fig.  20,  Plate  49 ;  and  the 
whole  of  the  objection  referred  to  in  page  239  of  the  paper,  regarding 
the  bolt  holes,  was  got  over,  because  all  the  flanges  were  here  free  to 
be  rotated  till  the  holes  came  fair  opposite  each  other ;  or  if  they 
stuck  so  fast  that  they  would  not  come  ofi",  they  were  simply  turned 
oflf.  The  beauty  of  the  joint  was  that  it  could  be  made  to  take 
apart  and  put  together  again  as  often  as  was  desired,  and  it  was 
always  absolutely  steam-tight.  The  copper  ring  E  was  here 
diamond-shaped  in  section ;  and  the  joint  was  surrounded  outside 
by  a  cast-iron  thimble  T,  for  convenience  in  getting  the  pipe 
ends  together.  The  thimble  was  slipped  back  for  getting  the 
ring  into  its  place,  and  was  then  pulled  forwards  again  over  the 
joint,  which  was  tightened  up  by  a  sufficient  number  of  bolts 
through  the  flanges.  All  the  faces  of  the  pipe  ends  were  turned 
(juite  flat.  Having  himself  used  many  hundi-eds  of  joints  made  in 
that  way,  he  had  never  had  one  of  them  leak. 

Mr.  S.  Eabxshaw  Howell,  having  had  a  good  deal  of  experience 
during  a  considerable  period  in  the  welding  of  tubes,  thought  that 
the  electric  welding  described  in  the  pajier  should  not  be  called 
welding  at  all ;  it  should  rather  be  called  electric  soldering,  because 
the  metal  which  was  said  to  be  welded  was  not  really  welded,  but 
was  fused.  There  seemed  to  him  to  be  great  liability  of  the  steel  at 
the  root  of  the  flange  in  the  immediate  neighbourhood  of  the  weld 
being  reduced  in  quality  by  the  fusion,  and  becoming  more  brittle 
than  the  remaining  part  of  the  tube.  In  1892,  with  a  view  to 
testing  the  welding  of  steel  tubes  by  rolls,  he  had  taken  a  4  ft.  8  ins. 
length  of  tube  so  welded,  and  had  cut  it  into  rings  two  inches  long^ 
of  which  there  were  twenty-eight.  The  first  ring  was  then  cut  open 
along  the  weld,  and  the  next  ring  was  cut  open  opposite  the  weld ; 
and  similarly  for  the  rest  of  the  fourteen  pairs  forming  the  whole 
length  of  the  tube.     The  rings  so  cut  were  then  opened  out  to  form 
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flat  bars,  which  were  tested  for  tensile  strength  in  the  usual  way. 
Of  the  fourteen  bars  which  had  the  weld  in  the  middle  of  their 
length,  six  did  not  break  in  the  weld  at  all.  The  whole  tensile 
strength  of  the  fourteen  solid  bars  added  together  was  317  "94  tons 
per  square  inch,  giving  an  average  of  22*71  tons.  The  total  tensile 
strength  of  the  fourteen  welded  bars  was  315  •  95  tons  per  square  inch, 
giving  an  average  strain  on  the  welds  of  22  •  57  tons,  which  showed 
that  they  were  nearly  as  strong  as  the  solid  bars.  Instead  of  a  long 
datum  length  of  ten  inches,  such  as  had  been  taken  in  the  tables 
appended  to  the  paper,  he  had  taken  a  datum  length  of  only  three 
inches  for  measuring  the  percentages  of  elongation,  which  in  the 
fourteen  solid  bars  amounted  to  a  total  of  529  "80,  or  an  average  of 
37*84  per  cent,  extension.  The  percentages  of  elongation  in  the 
fourteen  wielded  bars  amounted  to  a  total  of  424*89,  giving  an 
average  of  30*34  per  cent,  extension.  So  that,  although  the 
elongation  of  some  of  the  welds  was  not  really  low,  it  was  not  nearly 
so  good  as  that  of  the  solid ;  but  for  all  practical  purposes  he  thought 
it  was  sufficiently  near.  The  only  objection  in  his  opinion  to 
roll-welded  tubes  was  that  in  drawing  the  tube  over  the  mandril 
there  was  the  danger  of  getting  one  side  thinner  than  the  rest.  He 
therefore  preferred  to  rely  rather  on  gas  welding,  which  seemed  to 
have  been  used  generally  for  the  purpose  of  the  longitudinal  welding 
of  tubes.  Since  receiving  an  advance  copy  of  the  paper  he  had 
rapidly  made  a  few  tests  similar  to  those  recorded  in  Table  2,  and 
with  the  same  quality  of  steel  from  Parkgate.  In  that  table  it  was 
seen  that  the  electric-welded  bars  of  2  x  {-  inch  section  gave  a 
tensile  strength  of  30  *  3  tons  per  square  inch  in  the  solid,  and  in  the 
weld  22  *  3  tons.  Gas-welded  bars  of  the  same  section  gave  in  his 
own  tests  26*48  tons  in  the  solid,  and  24*44  in  the  weld:  which 
was  much  closer  than  in  the  case  of  electric  welding.  Again 
the  elongation  in  the  electric- welded  bars  fell  from  22  •  3  per  cent,  in 
the  solid  to  only  3  *  8  per  cent,  in  the  electric-welded  bars.  With 
gas  welding  the  elongation  was  18  per  cent,  in  the  solid  and  in  the 
welded  bar  21*5  per  cent.,  being  even  greater  in  the  welded  bar  than 
in  the  solid.  The  particular  gas-v\elded  bar  which  showed  this  high 
elongation  did  not  break  in  the  weld  at  all,  but  broke  in  the  solid. 
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In  the  gas-welded  bars  of  2  x  fV  i^^'^  section  similar  results  were 
obtained  in  comparison  with  the  electric-welded  Parkgate  bars  of 
that  section  in  Table  2.  The  conclusion  he  had  come  to  therefore 
from  these  and  other  observations  he  had  made  was  that  electric 
welding  was  not  so  good  as  gas  welding  or  roll  welding.  The 
tendency  of  electric  welding  was  to  make  the  material  short.  It 
might  have  a  high  or  a  moderately  high  tensile  strength ;  but  it 
inight  also  have  a  sudden  fracture,  instead  of  the  large  reduction  of 
area  and  the  great  elongation  which  characterised  gas-welded  or 
roll-welded  tubes.  The  great  advantage  of  electric  welding  seemed 
to  him  to  be  for  welding  flanges  on  pipes,  whereby  a  solid  flange  was 
obtained.  Another  method  which  he  had  adopted  with  the  same 
object  consisted  in  forging  out  of  the  solid  flange  a  piece  of  tube 
several  inches  in  length,  as  shown  in  Fig.  21,  Plate  49,  which  could 
then  be  welded  upon  the  end  of  a  long  tube  by  means  of  an  annular 
weld,  whereby  an  absolutely  solid  flange  was  obtained  on  the  tube. 
It  had  not  been  subjected  to  what  he  considered  was  nothing  else 
than  burning,  because  by  the  electric  arc  the  steel  was  fused,  and 
there  was  not  sufficient  work  put  upon  it  afterwards  to  bring  it  back 
to  its  original  quality ;  consequently  the  root  of  the  flange  was  in 
Ms  opinion  weaker  than  the  rest  of  it.  Many  of  the  specimens  now 
shown  were  certainly  good  work,  but  some  of  them  seemed  to  him  to 
be  not  at  all  essential.  Unions  and  tee  pieces  for  instance  could  be 
made  of  crucible  cast-steel  of  as  good  a  quality  as  the  steel  used  for 
the  pipes  themselves,  and  could  be  made  quite  reliable  and  at  much 
less  cost ;  he  therefore  did  not  see  the  great  advantage  of  electric 
welding  for  this  class  of  work.  The  great  advantage  of  electric 
welding  was  that  it  enabled  branches  and  other  pieces  to  be  welded 
on  steel  pipes,  which  it  would  be  extremely  difficult  to  do  with  gas, 
because  the  work  could  not  be  easily  got  at.  If  it  could  be  got 
at  readily,  the  weld  made  by  gas  would  be  just  as  good  as  the 
longitudinal  gas  weld  forming  the  seam  of  the  tube.  This  at  any 
rate  was  his  own  experience. 

With  regard  to  corrosion,  of  course  all  steel  would  corrode  if 
acids  came  in  contact  with  it ;  the  endeavour  should  therefore  be  to 
keep  the  steel  clean.     Another  point  which  had  been  much  ignored 
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in  tlie  construction  of  steel  tubes  and  steam-pipes  was  the  need  of 
paying  due  regard  to  claemical  analysis.  Steel  of  one  analysis  lie 
believed  was  not  nearly  so  liable  to  corrosion  as  of  another ;  and 
the  proper  analysis  was  a  matter  of  practical  experience  in  the 
manufacture  of  steel  tubes. 

Mr.  James   Platt,  Member   of  Council,   said   steel   pipes  had 
become  so  generally  used  that  it  was  useful  to  know  how  they  were 
made,  and  the  details  of  the  joints  and  other  particulars.     If  the 
electric  welding  could  be  relied  upon  to  be  perfectly  soimd,  there 
could  be  no  doubt  that  it  was  a  capital  job.    There  was  certainly  not 
60  much  hesitation  in  regard  to  the  electric  welding  or  soldering  of 
the   flange   on   the  pipe   as   there  was  in  respect  of  welding   the 
longitudinal   seam,   which   he   gathered   from   the   paper    was  not 
now  done  electrically,  but  by  gas.      As   to   the   soundness  of  the 
longitudinal  seam  in   wrought-iron  and  steel  welded  pipes,  it  was 
generally  asserted  that  the  welds  were  sound ;  and  in  some  tests  it 
had  been  reported  that  the  weld  had  been  found  to  be  sounder  than 
the  body  of  the  pipe.     Nevertheless  there  was  still  a  good  deal  of 
doubt  about  this ;  and  the  Admiralty,  as  explained  in  the  paper, 
required  a  cover  strip  to  be  riveted  on  along  the  line  of  the  weld. 
The   question   therefore    suggested    itself,   what   was   the   need   of 
welding  at   all,   when  a  perfectly  sound   seamless  pipe   could   be 
made  out  of  a  solid  ingot.     Seamless  pipes  were  now  being  made  by 
the  Projectile  Co.  in  London  up  to  12  inches  diameter,  12  feet  long, 
and  ^  inch  thick,  cold  drawn  from  a  solid  ingot,  and  perfect  in 
every  respect ;  and  they  could  be  obtained,  sound  and  good,  of  any 
size   up   to   that   diameter.     The    solid    steel    bloom    first   had   a 
hole  driven  in  it  with  a  punch,  and  was  then  drawn  on  a  mandril 
to  a  certain  length,  after  which  it  was  further  drawn  down  through 
a  die,  not  through  rolls.     The  cost  of  course  was  considerable  ;  but  if 
a  good  job  was  wanted,  it  was  worth  paying  for.     These  solid-drawn 
tubes  were  being  largely  used  by  the  Admiralty  ;  and  he  thought  the 
mode  of  manufacture  made  a  much  safer  job  than  could  be  obtained  by 
any  welding  of  the  longitudinal  seam,  notwithstanding  all  the  care  well 
known  to  be  taken  by  the  best  makers  of  welded  tubes  for  ensuring 

T  2 


248  STEEL    STEAM-PIPES.  AruiL  189S. 

(Mr.  James  Piatt.) 

a  sound  weld.  Engineers  lie  considered  ougtt  to  foster  tbe  plan  of 
making  weldless  pipes,  so  long  as  there  remained  any  vestige  of 
doubt  in  regard  to  soundness  of  welding. 

Reference  was  made  in  the  paper  (page  238)  to  tbe  application  of 
arc  welding  for  faking  up  steel  castings  or  finished  forgings  ;  and  be 
should  be  glad  if  tbe  users  of  tbe  arc  could  be  instructed  bow  to 
make  up  defects  by  that  means  in  such  a  way  that  the  work  would 
turn  perfectly  well.  In  turning  some  large  steel  cylinders  he  had 
discovered  to  his  cost  that  they  bad  been  faked  up  by  the  electric  arc  ; 
for  instead  of  taking  two  days  to  turn  out  tbe  bore,  they  had  taken 
two  weeks.  The  pieces  burnt  in  were  harder  than  anything  he  had 
met  with  before  in  tbe  shape  of  steel  that  was  intended  to  be  worked  ; 
in  fact  he  had  had  to  lubricate  with  petroleum,  and  get  the  hardest 
steel  tools  he  could  for  turning  out  tbe  cylinders.  Of  course  it  was 
highly  convenient  for  steel  founders  to  be  able  to  make  up  defects 
which  might  otherwise  spoil  costly  castings ;  and  if  this  could  be 
done  so  that  the  castings  could  be  readily  machined  afterwards, 
the  engineers  using  the  castings  would  be  glad  indeed.  He  hoped 
therefore  that  tbe  author  would  instruct  the  users  of  the  arc  how 
to  do  tbe  work  so  that  it  could  still  be  dealt  with  afterwards  by 
the  usual  engineering  tools  without  difficulty.  The  samples 
exhibited  of  outlets,  branches,  and  tec  pieces,  were  all  nicely 
finished  ;  and  although  they  did  not  follow  the  same  curve  inside 
that  they  did  outside,  they  were  externally  good  looking.  For  his 
own  part  he  should  prefer  a  steel  casting. 

With  regard  to  the  flanges  described  in  the  paper  (page  236). 
some  thirty  years  ago  he  had  used  a  considerable  quantity  of 
wrought-iron  pipes  on  which  the  flanges  had  to  be  fixed ;  and  bo 
bad  employed  a  good  stout  wrought-iron  flange,  bored  out  a  little 
conically,  as  shown  in  Fig.  22,  Plate  49,  and  shrunk  on  the  pipe, 
with  the  end  of  the  pipe  left  projecting  a  little  beyond  the  flange. 
The  pipe  end  being  then  riveted  over  made  a  perfect  joint  and  a 
perfect  flange  ;  and  he  had  experienced  no  trouble  at  all  with  the 
flanges  so  fixed,  which  made  a  perfectly  tight  joint  for  tbe  pipes. 
The  flange  was  not  welded  at  all,  but  only  riveted.  If  tbe  arc 
welding  had  been  applied  to  the  face  of  the  flange,  it  would  have 
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made  it  appear  a  more  finished  job.  Filling  in  at  tlie  back  be 
considered  was  only  ornamental,  and  in  respect  of  strength  could  be 
dispensed  with  when  the  pipe  end  was  riveted  over ;  still  it  made  a 
nice  finish  to  the  back  of  the  flange. 

In  the  pipe  joint  described  in  the  paper  and  shown  in  Fig.  19, 
Plate  48,  which  he  considered  was  a  good  joint,  he  suggested  that  it 
would  be  preferable  if  the  copper  ring  were  kept  flush  with  the 
inside  of  the  pipe,  and  of  smaller  diameter  outside.  It  would  then 
protect  the  thread  more  completely  from  the  action  of  the  steam  ; 
and  the  steam  pressure  would  not  be  acting  upon  the  ends  of  the 
pipe  to  force  them  apart.  There  would  be  no  objection  to  using  n. 
•copper  ring  of  smaller  external  diameter  than  the  collars  on  the 
pipe  ends  ;  and  he  thought  it  would  make  a  good  joint. 

Mr.  Mark  Eobixson  mentioned  that,  altogether  independently  of 
the  paper,  it  happened  that  some  experiments  had  been  made  a  few 
■days  ago  at  the  works  of  his  firm  at  Thames  Ditton,  by  Mr.  Eaton- 
Shore,  the   works   manager,  with   some   lap-welded   steel   tubes   of 

4  inches  diameter,  supplied  by  Messrs.  Lloyd  and  Lloyd.  The 
•experiments  were  for  the  purpose  of  comparison  with  weldless 
steel  tubes.  The  tubes  were  first  flattened  in  various  ways,  and  the 
welded  tubes  came  out  much  the  best ;  the  weldless  tubes  showed 
certain  longitudinal  striae  which  were  not  found  at  all  in  the  lap- 
welded  tubes.  Next  they  were  tested  by  drifting,  until  they  were 
burst  open  after  considerable  enlargement.  Here  again  the  lap- 
welded  tubes  came  out  best:  they  enlarged  most  before  they 
split,  and  the  split  did  not  extend  so  far;  moreover  it  was  not 
along  the  weld  that  they  split,  but  through  the  solid.     A  piece  about 

5  inches  long  was  then  cut  from  the  uninjured  portion,  and  doubled 
up  endwise,  first  by  blows  from  a  heavy  sledge,  and  then  by 
hydraulic  pressure.  Under  this  treatment  the  lap-welded  tube  folded 
up  like  an  accordion,  in  three  folds,  showing  no  split  or  injury 
whatever  ;  it  was  impossible  to  see  where  the  weld  was.  Ultimately, 
when  it  was  still  further  compressed,  a  small  split  opened,  as  might 
be  seen  in  Fig.  23,  Plate  50.  The  weldless  tube  shut  up  in  less 
regular  folds,  and  split  much  earlier  and  somewhat  badly,  as  shown 
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in  Fig.  24.  In  botli  cases  the  tubes  experimented  upon  were  taken 
indiscriminately  out  of  a  large  lot  without  selection.  The 
experiments  woxild  be  canied  further.  The  purpose  for  which 
the  tubes  were  required  was  not  steam  piping,  but  one  for  which 
it  was  important  to  know  whether  the  lap-welded  tubes  could  be 
trusted  as  thoroughly  as  the  weldless  tubes. 

The  design  of  joint  referred  to  by  Mr.  Halpin  (page  244)  as 
introduced  by  Mr.  Willans,  Fig.  20,  Plate  49 — with  which  he 
thought  Mr.  Halpin  himself  had  had  more  to  do  than  he  had 
represented — had  been  developed  from  a  suggestion  to  use  sharp- 
edged  steel  rings  of  diamond  section,  as  in  the  joints  of  Perkins 
hot-water  pipes.  Mr.  Willans  preferred  to  use  copper  rings ;  and 
the  first  trials  resulted  in  the  diamond  section  being  given  up  in 
favour  of  a  thin  flat  ring,  on  the  recommendation  of  Captain  Sankey. 
The  pipe  joint  used  by  their  firm  for  several  years  past  was 
substantially  that  shown  in  Fig.  19,  Plate  48,  the  main  difference 
being  that  the  copper  ring  was  much  narrower  from  inside  to 
outside,  because  their  experience  was  that  a  ring  as  wide  as  that 
shown  in  Fig.  19  did  not  make  a  satisfactory  joint;  the  ring  might 
also  be  very  thin.  The  collars  moreover  were  welded  on  the  pipe 
ends,  instead  of  screwed  on  as  in  Fig.  19,  because  experience  had 
shown  the  unreliability  of  screwing  for  fixing  the  collars  on.  In  a 
large  electric-lighting  installation  which  they  had  fitted  up  in 
London  some  years  ago,  where  the  pipes  were  of  considerable  size, 
the  collars  had  at  first  been  screwed  on ;  but  on  drawing  them 
together  with  sufficient  pressure  to  make  a  tight  joint,  it  was  found 
that  the  pipes  compressed  sufficiently  to  allow  the  threads  to  ride 
over  each  other.  Even  if  this  difficulty  had  been  got  over,  the 
effects  of  expansion  and  contraction  alone  would  have  led  to  slackness 
in  the  flanges,  with  probable  danger  of  slipping. 

Mr.  C.  Fbewen  Jenkin  had  made  a  largo  number  of  tests  of 
electrically  welded  samples  when  working  at  Crewe  in  1890  with  the 
Thomson  welder,  and  his  impression  was  that  they  had  given  better 
results  than  those  shown  in  Table  2.  In  Sir  Frederick  Bramwoll's 
paper  on  that  mode  of  welding,  read  before  the  Institution  of  Civil 
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Engineers  in  1890  (vol.  cii,  page  33),  tests  were  given  of  electrically 
welded  samples  of  tlie  same  brand  of  iron — Farnley  iron  ;  and  the 
average  ultimate  breaking  stress  of  those  which  broke  in  the  weld  was 
21-5  tons  per  square  inch,  or  4^  per  cent,  higher  than  the  20*6  tons 
average  of  the  results  given  in  Table  2  of  the  present  paper  ;  while 
the  extension,  instead  of  being  only  an  average  of  5  •  3  per  cent.,  was 
22  per  cent.,  showing  that  with  the  Thomson  welding  the  extension 
was  much  better  than  that  obtained  by  the  Benardos  are  welding. 
These  figures  however  were  not  strictly  comparable,  since  in  the 
latter  case  the  samples  which  broke  in  the  weld  were  excluded,  and 
in  the  former  case  those  which  broke  in  the  solid  were  excluded. 

Mr.  E.  Tremlett  Carter  pointed  out  that  an  electrical  action 
took  place  in  electrical  welding,  which  distinguished  it  from  mere 
heating,  and  was  sufficiently  clear  to  render  it  certain  that  electric 
welding  was  not  merely  a  process  of  soldering  or  of  fusion  of  the 
metal.  The  action  was  in  reality  the  electrolytic  migration  of  the 
molecules  of  the  one  piece  of  metal  into  the  other  piece,  constituting 
a  sort  of  molecular  dove-tailing.  The  electric  current  seemed  to 
carry  the  particles  of  the  semi-melted  metal  of  one  of  the  welding 
surfaces  into  the  metal  of  the  other  surface,  so  that  the  two  became 
interlocked,  not  merely  melted  and  stuck  together.  This  was  rendered 
more  particularly  evident  on  trying,  for  example,  to  weld  steel  to 
copper,  which  he  apprehended  it  would  be  very  difficult  to  do  by  the 
ordinary  process.  In  welding  electrically  a  high-carbon  steel  to 
copper  by  a  butt  weld,  it  was  found  that  the  copper  was  carried  some 
appreciable  distance  into  the  mass  of  the  steel,  and  the  steel  was 
similarly  carried  beyond  the  actual  butt  into  the  copper ;  the  two 
metals  were  not  fused  together,  but  there  was  an  electrolytic  process, 
a  convection  of  each  metal  into  the  other,  which  gave  a  much  better, 
stronger,  and  more  uniform  joint.  Altogether  he  thought  it  removed 
from  the  process  of  electric  welding  the  stigma  of  producing  merely 
a  superficial  cohesion  or  stickiness  due  to  the  metal  having  been 
merely  fused  over  the  surface. 

With  regard  to  the  relative  cost  of  electric  and  ordinary  welding, 
he  believed  that   in   America,  where   both  the   Benardos  and  the 
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Thomson  process  had  been  used  largely  for  all  kinds  of  metal 
welding  and  forging,  the  cost  of  electric  welding  had  always  worked 
out  much  cheaper  than  that  of  the  ordinary  welding  with  fire- 
heating  ;  but  in  this  country  he  was  not  sure  whether  the  electric 
welding  was  cheaper.  In  one  or  two  instances  he  knew  it  had  proved 
to  be  60  ;  but  in  the  use  of  either  of  these  electric  processes  in  this 
country  there  had  been  more  reticence  about  the  cost.  He  should 
therefore  like  to  learn  the  cost  of  the  electrical  energy  as  compared 
with  the  cost  of  the  furnace,  whether  gas  or  coal  was  employed  for 
obtaining  the  welding  heat ;  and  also  the  actual  saving  in  time 
effected  by  using  the  electrical  process.  The  great  saving  in  time 
over  other  processes  was  one  of  the  distinctive  features  in  electrical 
welding. 

The  Pbesident  enquired  what  lengths  of  pipes  were  made  by  the 
processes  described  in  the  paper.  It  appeared  to  him  that  by  the 
aid  of  the  arc-welding  process  steel  steam-pipes  might  be  made  of 
great  length,  with  decided  advantage  for  use  on  board  ships. 

Mr.  MacCarthy  said  it  would  be  observed,  on  handling  the 
specimens  exhibited,  that  there  was  a  somewhat  sharp  corner  left 
inside  the  outlets,  branches,  tee  pieces,  and  crosses,  at  the  welded 
joints  (page  243).  It  had  not  been  found  practicable  to  make  these 
joints  rounded  inside  the  pipe  to  the  same  radius  as  on  the  outside. 
This  however  was  a  matter  of  not  so  much  importance  in  the  case  of 
steam,  for  which  these  outlets  were  specially  made,  as  it  would  be  for 
a  dense  fluid  such  as  water  or  oil,  where  the  avoidance  of  friction  was 
a  paramount  consideration.  Moreover  the  considerable  increase  in 
the  thickness  of  metal,  which  resulted  from  the  fillet  formed  round 
the  outside  of  the  joint,  added  strength  to  the  part  where  it  was  most 
needed. 

The  joint  described  by  Mr.  Halpin  and  Mr.  Robinson,  Fig.  20, 
Plate  40,  he  had  no  doubt  was  a  good  one.  In  preparing  the  paper 
it  had  originally  been  his  intention  to  go  into  the  question  of  joints 
generally ;  but  ho  had  found  that  almost  every  engineer  had  a 
favourite  joint  of  his  own,  and  he  had  therefore  contented  himself 
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with  showing  the  joint  used  by  Mr.  Frank  Bailey,  which  had 
been  found  perfectly  satisfactory. 

That  electric  welding  was  not  welding,  but  only  soldering  or 
fusing,  was  an  assertion  which  had  been  made  whenever  electric 
welding  had  been  advocated  ;  but  whatever  it  might  be  called,  he 
was  prepared  to  show  that  it  was  perfectly  sound.  As  for  its 
rendering  steel  short,  the  tests  made  and  the  long  experience  of  its 
use  clearly  showed  that  this  was  not  the  case. 

The  interesting  tests  made  by  Mr.  Howell  with  a  roll-welded 
steel  tube  cut  into  short  lengths  (page  214)  were  highly  satisfactory, 
as  showing  that  the  welded  part  of  the  tube  was  nearly  as  strong  as 
the  solid  part. 

In  reference  to  corrosion  (page  246),  a  pipe  made  of  iron,  steel, 
copper,  or  any  other  metal,  would  necessarily  be  affected  by  acid  ; 
but  in  the  ordinary  use  of  steel  steam-pipes,  judging  from  his 
own  experience  and  from  the  fact  that  he  had  not  heard  of  any 
complaint  upon  this  score,  he  should  say  that  there  was  no 
corrosion. 

The  solid-drawn  pipes  of  large  diameter,  up  to  12  inches, 
mentioned  by  Mr.  Piatt  (page  247),  he  was  aware  were  being  made 
by  the  Projectile  Co. ;  but  the  cost  of  pipes  of  this  size,  made  by  such 
a  process,  must  necessarily  be  so  great,  that  their  use  as  steam  pipes 
had  certainly  not  occurred  to  him.  The  Mannesmann  method  of 
making  seamless  pipes  he  was  also  acquainted  with ;  but  here  again 
arose  the  question  of  cost.  However  excellent  such  pipes  might  be, 
and  leaving  price  out  of  consideration,  there  still  remained  the 
question  of  the  electrically  welded  flanges  and  outlets,  which  the 
paper  was  mainly  intended  to  illustrate. 

He  was  sorry  to  hear  that  Mr.  Piatt  had  experienced  so  much 
difficulty  in  boring  out  some  steel  cylinders  which  had  been  repaired 
by  the  electric  arc  (page  248)  ;  and  the  paragraph  in  page  237  on 
length  and  size  of  arc  should  be  specially  emphasized,  in  order  to 
guard  against  the  risk  of  a  careless  or  incompetent  workman  injuring 
the  metal  by  the  use  of  too  short  an  arc. 

The  very  interesting  particulars  given  by  Mr.  Mark  Eobinson 
(page  249),  respecting  the  tests  comparing  4-inch  lap-welded  tubes 
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with  weldless  tubes,  lie  had  not  heard  of  before  ;  and  naturally  he 
was  exceedingly  pleased  to  learn  the  result. 

With  regard  to  screwing  being  unreliable  for  collars  and  flanges 
on  the  ends  of  steel  steam-pipes,  it  was  not  his  intention  to  disparage 
screwed  joints,  of  which  there  were  a  number  among  the  specimens 
here  exhibited  ;  but  in  connection  with  modem  high  steam-pressures 
he  wished  to  describe  what  he  believed  to  be  the  very  best,  and  that 
was  electrically  welded  flanges.  The  screwed  joints  were  good  when 
properly  made,  but  he  believed  the  solid  welded  flanges  were  much 
better  and  safer,  at  all  events  for  large  steam-pipes  ;  and  he  was  glad 
to  find  this  conclusion  borne  out  by  Mr.  Eobinson's  experience 
(page  250). 

With  regard  to  the  cost  of  welding  by  the  Benardos  process  as 
compared  with  non-electrical  methods  (page  252),  he  was  sorry  he 
was  not  in  a  position  to  give  any  information ;  and  as  to  the  actual 
saving  in  time,  effected  by  using  the  electric  process,  this  of  course 
depended  largely  upon  the  particular  class  of  work  operated  upon,  so 
that  it  was  impossible  to  give  any  precise  answer  to  the  question. 

In  reply  to  the  President's  enquiry  (page  252),  the  pipes  of  large 
diameters  were  made  by  the  processes  described  in  the  paper  in  any 
lengths  up  to  14  or  15  feet. 

The  Pkesidext  was  sure  the  members  would  all  accord  a  hearty 
vote  of  thanks  to  Mr.  MacCarthy  for  his  useful  paper.  The  question 
of  having  reliable  steam-pipes  was  highly  important  to  engineers, 
especially  for  pipes  on  board  ship. 
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Alfred  Ceawhall  Chapman  was  born  on  18th  November 
1859,  at  Hylton  Grange,  near  Sunderland,  being  the  fifth  son  of 
the  late  Mr.  Thomas  Edward  Chapman.  After  being  educated  at 
Eugby  School  and  going  through  the  technical  course  at  the 
Durham  College  of  Science,  Newcastle-on-Tyne,  he  was  articled  in 
1878  to  Mr.  John  Daglish,  Silksworth  Colliery,  near  Sunderland.  In 
1883  he  became  a  certificated  mining  engineer,  and  held  appointments 
at  Kimblesworth  near  Durham,  Houghton  Main  near  Barnsley, 
Cwmaman  near  Aberdare,  Whitburn  near  Sunderland,  and  other 
collieries.  In  1881  he  abandoned  colliery  work,  and  became  for  two 
years  resident  engineer  to  the  River  Wear  Commissioners  on  the 
Eoker  new  pier  works,  Sunderland,  under  Mr.  H.  H.  Wake.  After 
a  short  period  spent  in  London  with  his  brother,  Mr.  J.  Crawhall 
Chapman,  he  commenced  practice  on  his  own  account  in  1887  as  a 
consulting,  mining,  and  civil  engineer  and  patent  agent,  at 
St.  Nicholas  Buildings,  Newcastle-on-Tyne.  He  had  been 
considerably  out  of  health  for  over  two  years  prior  to  his  death, 
which  took  place  in  Durham  from  pneumonia  and  typhoid  fever,  on 
3rd  September  1896,  in  his  thirty-seventh  year.  He  became  a 
Member  of  this  Institution  in  1887,  and  was  also  a  Member 
of  the  North  of  England  Institution  of  Mining  and  Mechanical 
Engineers. 

James  Cleminson  was  born  in  Leeds  on  11th  October  1840. 
He  was  the  eldest  son  of  Mr.  John  Cleminson,  locomotive 
superintendent  of  the  Iquique  or  original  Nitrate  Railway,  who  was 
also  a  naval  engineer  and  had  fought  in  the  Baltic  and  under 
Garibaldi.  He  was  educated  at  Genoa  and  Marseilles,  and  was 
apprenticed  in  1857  to  Mr.  George  England,  Hatcham  Iron  Works, 
New  Cross  ;  and  in  1861  was  employed  as  chief  draughtsman  to  the 
Somerset  and  Dorset    Railway,   where   his    aptitude   in   designing 
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rolling  stock  was  speedily  recognised.  In  1864  he  went  to  London, 
and  became  manager  to  Mr.  Eobert  F.  Fairlie,  with  whom  he  was 
intimately  associated  in  designing  and  bringing  out  the  Fairlie 
locomotive.  From  1865  to  1868  he  was  chief  of  the  drawing 
department  and  technical  adviser  at  the  'Isca  Foundry,  Newport, 
Monmouthshire ;  and  on  returning  to  London  occupied  important 
positions  in  connection  with  the  firm  of  Messrs.  Clark,  Punchard  and 
Co.  In  1874  he  commenced  business  on  his  own  account  as  civil  and 
consulting  engineer ;  and  amongst  the  many  projects  with  which  he 
was  identified  were  the  Buenos  Aires  and  Pacific  Eailway,  of  which 
he  was  the  originator,  the  Bahia  Blanca  and  North  Western,  the 
Villa  Maria  and  Eufino,  the  Bahia  and  San  Francisco,  and  the  North 
Wales  Narrow-Gauge  Eailway.  He  was  also  consulting  engineer  to 
the  Imperial  Eailway  of  North  China,  the  only  railway  in  China,  in 
which  capacity  he  was  well  known  to  Li  Hung  Chang,  and  was 
created  a  mandarin  in  recognition  of  his  services.  He  also  received 
decorations  from  other  countries  in  appreciation  of  his  railway 
enterprise.  He  was  the  inventor  of  the  flexible  wheel-base  system 
of  rolling  stock  known  by  his  name,  and  used  extensively 
throughout  the  world.  Besides  possessing  a  wide  engineering 
knowledge,  he  devoted  much  time  to  studying  the  chemical 
composition  of  steel.  After  sufi'ering  from  a  painful  malady  for 
several  years,  his  death  took  place  at  his  residence  in  London  on 
15th  November  1896,  at  the  age  of  fifty-six.  He  became  a  Member 
of  this  Institution  in  1871 ;  and  was  also  a  Member  of  the  Institution 
of  Civil  Engineers,  and  a  Fellow  of  the  Eoyal  Geographical  Society. 

John  William  Gray  was  born  on  1st  October  1828  at  Montrose, 
where  his  father  carried  on  business  as  a  general  merchant, 
ship-owner,  and  flax  spinner.  He  received  his  early  education  in  his 
native  town,  and  then  at  Dr.  Cowen's  school  at  Bishop  Wearmouth. 
During  his  boyhood  he  took  great  interest  in  the  flax-spinuing  mill, 
which  his  father  started  at  Balbirnie,  near  Montrose,  and  at  which  he 
learnt  to  turn  both  wood  and  iron  in  the  lathe,  and  to  understand 
the  working  of  tlic  machinery.  This  inclination  of  his  mind  led 
to  his  being  articled  to  Mr.  John  Murray,  engineer  to  the  Eivcv 
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Wear    Commissioners.      Improvements   of    tlie   river   and   harbour 
were  tlien  in  progress,  and  lie  was  employed  on  this  work  and  on 
the  preparation  of  marine  surveys  for  the  proposed  south  docks  at 
Sunderland.     After  a  pupilage  of  four  years  he  went   to  London, 
and  was  engaged  by  Mr.  W.  C.  Mylne  to  assist  in  the  work  of  the 
New  River  Company.     There  he  remained  six  years,  during  which 
time  he  took  an  active  part  in  the  New  River  work,  and  in  the 
private   business   of    his   employer,   including    the    building   of  a 
reservoir  at  Limerick,  and  the  re-arrangement  of  the  entire  water 
supply  for  that  city.     He  was  also  entrusted  with  the  gauging  of 
the  streams  in  Lancashire,  and  with  arranging  the  compensations  to 
be  paid  to  millowners  in  respect  of  the  impounding  by  the  new 
reservoirs  of  the   Liverpool   Corporation   at  Rivington   Pike.      He 
was  next  associated  with  Mr.   Charles  Greaves  in  carrying  out  a 
number  of  new  works  for  the  East  London  Water  Company ;  after 
which  he  returned  to  Mr.  Mylne,  for  whom  he  prepared  plans  for 
shortening  the  New  River  and  for  re-arranging  the  system  of  supply 
in  that  district.     In  1860  he  was   again  engaged  for  a  short  time 
to  assist  Mr.  Greaves  in  connection  with  the  East  London  Water 
Works.      Soon  afterwards  he  started  in  business  for  himself,  and 
among  various  works  in  which  he  was  engaged  were  the  erection 
of  the   first   rifle   butts  at  Wimbledon,  and   a  report   on  proposed 
harbour  works  on  the  banks  of  the  Dee  at  Holywell.     He  was  also 
engaged  in  reporting  on  a  water  scheme  and  tramways  for  Odessa. 
In   1866   he   was   appointed   engineer    to   the   Birmingham   Water 
Works.     At  that  time  the  supply  of  water  to  the  city  was  inadequate, 
and  his  first  work  was  to  carry  out  various  extensions.      In  1876 
the  water  works  were  taken  over  by  the  Birmingham   Corporation, 
in  whose  service  he  remained  as  waterworks  engineer.     The  continued 
growth  of  the  city  rendered  the  question  of  further  sources  of  water 
supply  one  of  grave  anxiety  ;  and  he  strongly  supported  the  scheme 
for  going  to  the  Elan  and  Claerwen  district,  which  was  ultimately 
decided  upon.     In  July  1894  in  consequence  of  failing  health  he 
retired  after  twenty-nine  years'  connection  with  the  water  works, 
though  he  continued  in  their  service  as  consulting  engineer.     His 
death  took  place  from  peritonitis  at  his  residence  at  Leamington, 
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on   14tli   August   1896,   in    his   sixtj-eigbtli   year.     He   became   a 
Member  of  tbis  Institution  in  1876. 

Thomas  Henderson  was  born  on  •22nd  July  1843  at  Linlithgow, 
Scotland.  In  1860  be  commenced  serving  an  apprenticeship  with 
Messrs.  David  McDowall,  Dublin,  and  upon  its  completion  went  to 
Messrs.  Courtney,  Stephens  and  Co.,  Dublin,  for  a  short  time,  and 
then  to  Messrs.  Easton,  Amos,  and  Anderson,  Erith,  for  about  two 
years.  In  1867  he  was  engaged  with  Messrs.  "Walpole,  Webb,  and 
Bewley,  Dublin,  for  a  short  time ;  and  in  1868  he  became  associated 
in  Liverpool  with  the  late  Mr,  Dillwyn  Smith  in  the  designing  and 
construction  of  mechanical  stokers  and  furnaces  for  steam  boilers. 
Afterwards  he  devoted  his  whole  time  and  attention  to  designing 
and  manufacturing  mechanical  stokers,  self-cleaning  furnace-bars, 
air-circulating  furnace-fronts,  and  appliances  for  tbe  economical 
use  of  fuel  and  for  the  abatement  of  the  smoke  nuisance.  His 
automatic  self-cleaning  furnaces  are  extensively  used  in  the  boilers 
of  6teamshij)S  with  higbly  satisfactory  results  ;  and  he  had  recently 
designed  an  automatic  stoker  for  feeding  boilers  in  saw-mills  with 
sawdust  and  chippings  from  wood-working  machinery,  which  has 
proved  most  efficient  and  a  great  benefit  to  saw-mill  proprietors. 
His  death  took  place  at  Southport  after  a  brief  illness,  on  26th  June 
1896,  in  his  fifty-third  year.  He  became  a  Member  of  this  Institution 
in  1891. 

Thomas  George  Martin  was  born  in  Copenhagen  on 
8th  September  1849,  being  the  youngest  son  of  Mr.  John  Martin 
of  Aberdeen,  who  had  gone  out  to  Denmark  as  chief  engineer  of 
a  steamer  employed  in  the  passenger  trade  to  the  Baltic  ports,  but 
returned  to  Glasgow  in  1852.  There  he  attended  school  until  nino 
years  of  age,  when  he  was  sent  to  Gordon's  College,  Aberdeen, 
where  he  remained  for  five  years.  He  was  then  apprenticed  for 
five  years  at  the  London  and  Glasgow  Engineering  Works,  Govan, 
Glasgow,  where  he  afterwards  worked  for  sumo  time  as  journeyman. 
After  being  employed  for  a  short  time  in  Liverpool  by  Messrs. 
Fawcett,  Preston  and   Co.,  Phoenix  Foundry,  ho  went   to  sea  for 
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several  years  in  steamers  trading  to  the  Mediterranean,  India,  and 
Brazil.  In  1872  lie  became  assistant  to  Mr.  George  Hepburn, 
consulting  engineer  and  naval  architect  in  Liverpool,  with  whom 
he  remained  until  1881.  In  that  year  he  became  superintendent 
engineer  for  Messrs.  John  Glynn  and  Son,  Liverpool ;  and  in  1887 
entered  into  partnership  with  his  two  brothers-in-law  in  the  firm  of 
Messrs.  James  McGowan  and  Co.,  Wapping  Wall,  London,  engineers 
and  boiler  makers.  On  their  death  shortly  afterwards  he  carried  on 
the  business  by  himself  until  the  time  of  his  death,  which  took 
place  on  20th  January  1896,  at  the  age  of  forty-six.  He  became  a 
Member  of  this  Institution  in  1892. 

John  Thomas  North  was  born  in  Leeds  on  30th  January  1842.  He 
was  educated  at  a  local  school,  and  at  an  early  age  was  apprenticed 
to  a  machine  manufacturer.  After  serving  his  time,  he  obtained  a 
situation  as  journeyman  at  the  steam-plough  works  of  Messrs.  John 
Fowler  and  Co.,  Leeds,  by  whom  in  1869  he  was  sent  out  to  Peru  to 
superintend  the  erection  and  working  of  machinery.  Eemaining  in 
South  America,  he  undertook  the  distilling  of  sea-water  for  domestic 
purposes  at  a  place  on  the  coast  north  of  Valparaiso,  where  rain 
never  falls;  and  patching  up  an  old  iron  steamer  that  had  been 
wrecked  on  a  reef,  he  converted  her  into  a  floating  water-tank. 
The  venture  was  a  financial  success,  enabling  him  to  purchase  a 
quantity  of  land  in  the  province  of  Tarapaca,  where  he  found  vast 
deposits  of  nitrate  of  soda,  and  was  quick  to  realise  their  great 
commercial  value ;  the  transference  of  Tarapaca  to  Chili  in  1878 
gave  a  further  impetus  to  the  trade,  which  flourished  increasingly 
as  the  value  of  the  fertiliser  became  recognised  in  Europe.  Other 
enterprises  also  succeeded,  notably  the  working  of  the  large  guano 
deposits.  Having  been  in  South  America  for  about  thirteen  years, 
he  returned  to  England  in  1882,  and  established  numerous 
undertakings  connected  with  the  nitrate  and  other  industries.  In 
1889  he  presented  Kirkstall  Abbey  and  grounds  to  his  native  town. 
He  became  honorary  colonel  of  the  Tower  Hamlets  Volunteer  engineers. 
His  death  took  place  suddenly  at  his  office  in  London,  from  failure  of 
the  heart,  on  5th  May  1896,  at  the  age  of  fifty-four.  He  became  a 
Member  of  this  Institution  in  1882. 
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William  Shapton  was  born  at  Bridgwater  on  Gth  June  1845,  and 
was  educated  near  Liverpool.  After  serving  an  apprenticeship  of 
five  years  from  1861  to  1866  in  the  outdoor  department  at  Liverpool 
of  Messrs.  Sir  W.  G.  Armstrong  and  Co.,  he  became  a  draughtsman  in 
the  Liverpool  office  of  the  same  firm  until  1874,  when  he  was 
appointed  outdoor  manager  and  agent  there.  After  remaining 
a  year  in  this  position  he  was  transferred  to  London  as  outdoor 
and  engineering  manager,  having  also  the  superintendence  of  the 
erection  of  work  in  the  home  counties  and  South  Wales.  Owing  to 
other  changes,  the  supervision  of  all  outdoor  and  agency  work  was 
shortly  afterwards  controlled  from  the  London  office,  with  himself 
as  its  engineering  head,  a  position  which  he  held  until  his  death. 
He  gave  much  attention  to  the  question  of  shipment  of  coal  with  the 
least  possible  amount  of  breakage,  and  introduced  several  devices  for 
this  purpose.  He  contributed  a  paper  to  the  Liverpool  Meeting  of 
this  Institution  on  grain  warehousing  machinery  at  the  Alexandra 
Dock,  Liverpool  (Proceedings  1891,  page  372).  For  some  years  his 
health  had  been  declining,  and  his  death  took  place  in  London  on 
20th  August  1896,  at  the  age  of  fifty-one.  He  became  a  Member 
of  this  Listitution  in  1881. 

John  Leonabd  Yaizey  was  born  at  Halstead,  Essex,  on  2nd 
August  1871,  and  was  educated  at  Harrow  School.  In  February  1891 
he  became  a  pupil  of  Mr.  James  Holden  at  the  Stratford  locomotive 
works  of  the  Great  Eastern  Eailway ;  and  in  February  1894  was 
placed  on  the  staff  of  the  principal  drawing  office.  In  September 
1895  he  was  appointed  assistant  to  the  locomotive  superintendent  of 
the  Norwich  district.  Whilst  engaged  in  his  duties  on  29th  August 
1896,  he  was  caught  between  the  buffers  of  some  wagons  which  were 
being  shunted  in  the  Norwich  yard,  and  died  in  a  few  hours  from  his 
injuries,  at  the  age  of  twenty -five.  He  became  a  Graduate  of  this 
Institution  in  1891. 
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Aberxetht,  J.,  Memoir,  90. 

Adams,  W.  A.,  Memoir,  91. 

Adamson,  J.,  Remarks  on  Authority  for  Borrowing,  27. 

Address  by  the  President,  E.  Windsor  Richards,  Esq.,  106. — Manufacture  of 
iron  and  steel,  106. — Blast-furnace  practice;  competition  of  foreign 
countries,  107. — British  productions  and  blast-furnaces,  109;  Cleveland 
district,  109;  working  of  blast-furnaces  at  Eston,  110;  at  Jarrow-on- 
Tjne,  111;  at  Middlesbrough,  112;  at  Cardiff,  113. — American  blast- 
furnaces, 113;  large  productions  of  iron,  114;  water-boxes  for  preserving 
bosh  lines,  114;  reduction  in  size  of  furnace  bricks  ;  size  of  hearth  and 
bosh  ;  effect  of  rapidity  of  driving,  115  ;  Carnegie's  new  furnaces  and  blast 
engines,  116. — Germany  and  Luxemburg,  117;  blast-furnaces  at  Esch, 
117;  at  Uckange  and  Ruhrort,  118;  Krupp's  works  at  Essen,  119; 
Hoesch's  blast-furnaces  at  Dortmund,  120. — France,  122  ;  Ferry's  furnaces 
at  Miche\'ille,  123. — Belgium,  125;  Cockerill  furnaces,  125;  La 
Providence,  127. — Cost  of  fuel,  127. — Iron  ores,  128. — Railway  rates, 
128.— Labour  cost,  128. 

Laird,  W.,  Vote  of  thanks  to  President  for  Address,  130  ;  foreign 
competition,  131. — Head,  J.,  Seconded  vote  of  thanks ;  enterprise  of 
foreign  manufacturers,  132. — Ricliards,  E.  "W.,  Acknowledged  vote  of 
thanks,  133. 

Annual  General  Meeting,  1. 

Annual  Report  of  Council,  3.    See  Council,  Annual  Report. 

Auditor,  Appointment,  32. 

Authority  for  Borrowing,  Kennedy,  A.  B.  W.,  Moved  resolution  authorizing 
Council  to  borrow  money,  27  ;  Adamson,  J.,  27 ;  resolution  carried,  27. 

Baker,  W.  H.,  elected  Member,  101. 
Barbosa,  a.,  elected  Graduate,  2. 
Barker,  A.  H.,  elected  Associate  Member,  102. 
Barker,  M.  W.,  elected  Member,  1. 
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Babb,  a.,  Paper  on  Telemeters  and  Kange-Findcrs  for  naval  and  other  purposes, 

33.— Remarks  on  ditto,  59,  61,  74  :— on  Marine  Horse-Povrer,  87. 
Barton,  A.,  elected  Associate  Member,  2. 
Benabdos  Arc  Weldi>-g,  2S0.    Set  Steel  Steam-Pipes. 
Booth,  W.  H.,  Bemarks  on  Steam  Superheating,  224. 
BosLEY,  W.  J.,  elected  Associate  Member,  102. 
Boys,  C.  V.,  Eemarks  on  Range-Finders,  63. 
Bradkey,  W.,  elected  Member,  1. 
BuBSTALL,  r.  W.,  Remarks  on  Steam  Superheating,  197. 

Carter,  E.  T.,  Remarks  on  Steam  Superheating,  207 :— on  Steel  Steam-Pipes. 
251. 

CiiAPJiAK,  A.  C,  Memoir,  255. 

Clark,  D.  K.,  Memoir,  92. 

CLESiDfsoN,  J.,  Memoir,  255. 

CoxATY,  G.,  elected  Member,  1. 

CoxRADi,  J.  S.,  elected  Associate  Member,  2. 

Cook,  C,  elected  Member,  101. 

Cooper,  T.,  elected  Associate  Slember,  102. 

CoTTRELL,  S.  B.,  elected  Member,  101. 

Cor>"CiL,  Annual  Report,  3.— Numbers  of  ^Members,  3. — Honours,  3.  - 
Transferences,  3. — Deceases  &c.,  4-5. — Financial  statement,  5,  12-15. — 
House  for  Institution,  6. — Research,  G. — "Willans  Memorial,  7-S,  16-17. — 
Donations  to  Library,  8,  18-26.— :Mei;tings  and  Papers,  9.— Attendances,  9. 
—Summer  Meeting,  1895,  10  ;  1896, 10-11. 

Discussion. — Kenned}-,  A.  B.  W.,  Moved  adoption  of  Report ;  honours 
conferred  ou  Sir  William  Coddiiigton,  Bart.,  and  Sir  "Wm.  Thomas  Lewi;', 
Bart. ;  nomination  of  Professor  Unwin  as  Honorar)'  Life  Member,  26. — 
Motion  carried,  26. 

Council  for  1890,  28,  29. 

Cox,  E.  H.,  elected  Associate  Member,  102. 

Cuosland,  J.  F.  L.,  i\Iution  for  rc-apiioiutment  of  Auditor,  32. — Remarks  on 

Steam  Superlieating,  183. 
Crow,  L.,  elected  Graduate,  103. 

Davey,  H.,  elected  Member  of  Council,  28.— Remarks  on  Steam  Sapcrheatiii;:, 

178. 
DAVirsoN,  J.  M.,  elected  A.ssociate  Member,  102. 
Uavson,  S.  F.,  elected  Graduate,  2. 
Dawe,  J.  N.,  elected  Graduate,  103. 
Devine,  W.  H.,  elected  Associate,  2. 
Distance-Fisdbiw,  33.    See  Range-Fiudcrs. 
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DoNKTN,  B.,  Eemarks  on  Steam  Saperlieatin*,  394. 
DoRMAN,  W.  S,  elected  Member,  1. 
DossoK,  H.,  elected  Associate  Member,  2. 
Droxsfield,  W.,  elected  Member,  101. 
DRTDE>f,  T.,  elected  Member,  101. 

Eborall,  C.  W.,  elected  Member,  1. 
Ekin,  T.  C,  elected  Member,  101. 
Electiox,  Council,  28: — Members,  1,  101. 
Ellis,  W.  F.  W.,  elected  Member,  1. 

English,  Lt.-Oolonel  T.,  Paper  on  Calculation  of  Horse-Power  for  Marine 
Propulsion,  79. — Remarks  on  ditto,  87  : — on  Steam  Superheating,  207. 

Ferguson,  W.  D.,  elected  Member,  101. 

Fletcher,  L.  E.,  Eemarks  on  Steam  Superheating,  211. 

Froude,  R.  E.,  Eemarks  on  Marine  Horse-Power,  SG. 

Galle,  W.  a.,  elected  Associate  Member,  102. 

Galton,  Sir  D.,  re-elected  Vice-President,  28. 

Geipel,  W.,  Remarks  on  Steam  Superheating,  225. 

Glasgow,  A.  G.,  elected  Member,  1. 

GoDDARD,  W.  H.,  elected  Graduate,  2. 

Gordon,  L.,  elected  Graduate,  103. 

Gray,  A.  C  ,  elected  Associate  Member,  102. 

Gray,  J.  W.,  Memoir,  256. 

Greenhill,  a.  G.,  Eemarks  on  Eange-Finders,  66. 

Hall,  B.  J.,  elected  Associate  Member,  2. 

Halpin,  D.,  Eemarks  on  Steam  Superheating,  194  : — on  Steel  Steam-Pipe.«,  244. 

Harvey,  J.,  elected  Associate,  102. 

Hates,  J.,  Memoir,  94. 

Head,  A.  P.,  Remarks  on  Eange-Finders,  69. 

Head,  J.,  Seconded  vote  of  thanks  to  President  for  Address,  132. — Eemarks  on 

Steam  Superheating,  200,  207.  / 

Heath,  C.  L.  E.,  elected  Associate  Member,  102. 
Henderson,  T.,  Memoir,  258. 
HiLGER,  A.,  Eemarks  on  Eange-Finders,  67. 
Hill,  T.,  elected  Associate  Member,  102. 
Hodges,  M.  H.,  elected  Member,  1. 
Hodgson,  G.  H.,  elected  Graduate,  103. 
Hollingsworth,  E.  M.,  elected  Associate  Member,  102. 
Holman,  F.,  elected  IMember,  101. 
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Holmes,  P.  F.,  elected  IMcmbcr,  1. 

HopKixsoN",  Dr.  J.,  re-elected  ^lember  of  Council,  28. 

HoRSE-PowKR  FOR  ^I.\RixE  PRorcLsiON,  79.    See  Marine  Horse-Power. 

HowARTH,  A.  M.,  elected  Jlember,  1. 

Howell,  S.  E.,  Remarks  on  Steel  Steam-Pipes,  244. 

IxsTiTrxiox  DixxER,  Anniversary,  104. 

Jexkix,  C.  F.,  Remarks  on  Steel  Steam-Pipes,  250. 

Jex'kinsox,  T.,  elected  Member,  1. 

JoHXSOX,  H.  H.,  elected  Graduiitc,  103. 

JoHXSOX,  S.  W.,  Vote  of  Thanks  to  retiring  President,  30. 

JoHXsox,  T.  0.,  elected  Associate  Member,  102. 

JoHXSTOx,  A.,  Memoir,  95. 

Jones,  T.  G.,  elected  Associate  Member,  102. 

JoxES,  W.  R.  S.,  Seconded  motion  for  re-appointment  of  Auditor,  32. 

Keex,  a.,  re-elected  Member  of  Council,  28. 

Kexxedt,  a.  B.  W.,  Remarks  on  Annual  Report  of  Council,  2G : — on  Authority 
for  Borrowing,  27 : — on  retiring  from  office  of  President,  29. — Reply  to 
vote  of  thanks,  31. — Remarks  on  Steam  Superheating,  164. 

KiTSELL,  A.  E.,  elected  Graduate,  103. 

KiTTO,  W.  H.,  elected  Associate,  2. 

Laird,  W.,  re-elected  Member  of  Council,  28. — Proposed  vote  of  thanks  to 

President  for  Address,  130. 
Lane,  F.  L.,  elected  Member,  101. 
Lawson,  H.  J.,  elected  Associate  Member,  102. 
Leisse,  G.  C,  elected  Blember,  101. 
Longbidge,  M.,  Remarks  on  Steam  Superheating,  169. 

MacCaetiiy,  S.,  Paper  on  Steel  Steam-Pipes  and  Fittings,  and  Benardos  Arc 
Welding  in  connection  therewith,  230. — Remarks  on  ditto,  243,  252. 

Main,  W.  H.,  elected  Member,  2. 

Mair-Rcmlet,  J.  G.,  re-elected  Member  of  Council,  28. 

Malloch,  W.  F.,  elected  Associate  Member,  102. 

Mallock,  a.,  Remarks  on  Range-Finders,  61. 

Mansfield,  A.,  elected  Associate  Member,  2. 

Marine  Horse-Power,  Paper  on  Calculation  of  Horse-Power  for  Marino 
Propulsion,  by  Lt.-Colonel  T.  English,  79. — Calculation  based  on  Fronde's 
law  of  resistance  at  corresponding  speeds,  79. — Principle,  80. — Apparatus, 
81. — Kxamplc    of   determination   of    borse-nower  require<l   for  torpedo- 
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destroyer  designed  on  lines  of  existing  vessels,  8.5. — Extension  of  method 
to  determine  horse-power  for  vessel  of  same  displacement  and  same  speed, 
but  on  different  lines,  85. 

Discussion. — Fronde,  K.  E.,  Elements  of  variation  ia  resistance  of 
models ;  distance  apart  of  models,  86. — Barr,  A.,  Instability  of  lever  for 
towing  models  ;  wooden  or  wax  models,  87. — Eobinson,  L.  S.,  Horse-power 
calculated  from  experiments,  87. — English,  Lt.-Col.,  Distance  apart  of 
models,  87;  diagonal  cords  preventing  models  from  coming  too  close 
together ;  wooden  models ;  calcidated  horse-power  sufficient ;  objection  to 
counter-model  not  representing  ship  of  known  horse-power,  88. — Kicliards, 
E.  W.,  Vote  of  thanks  for  paper,  89 

Marine  Pkopulsiox,  Calculation  of   Horse-Power,  79.      See  Marine  Horse- 
Power. 

Maksh,  D.  E.,  elected  Member,  2. 

Marshall,  F.  C,  elected  Vice-President,  28. 

Martin,  E.  P.,  Seconded  vote  of  thanks  to  retiring  President,  30. 

Martin,  T.  G.,  Memoir,  258. 

Maw,  W.  H.,  elected  Vice-President,  28. 

McCoRMACK,  W.  J.,  elected  Associate  Member,  102. 

McLean,  K.A.,  re-appointed  to  audit  Institution  accounts,  32. 

McPhail,  H.,  Remarks  on  Steam  Superheating,  181,  208. 

McPherson,  S.,  elected  Member,  101. 

Meetings,  1896,  Annual  General,  1. — Spring,  101. 

Meie,  T.,  Memoir,  96. 

IMemoirs  of  Members  recently  deceased,  90,  255. 

Morley,  H.  W.,  elected  Member,  102. 

MuDD,  T.,  elected  Slember  of  Council,  28. 

New,  D.  J.,  elected  Associate  Member,  102. 
NiCHOLLS,  P.,  elected  Associate  Member,  2. 
North,  J.  T.,  Memoir,  259. 

Patchell,  W.  H.,  Paper  on  Steam  Superheating,  134. — Remarks  on  ditto,  161, 

185,  218,  228. 
Patel,  M.  B.,  elected  Associate  Member,  102. 
Patel,  R.  M.,  elected  Associate  Member,  102. 
Perrett,  E.,  Remarks  ou  Steam  Superheating,  199,  200. 
Phillips,  J.,  Remarks  on  Steam  Superheating,  193. 
Pinel,  p.  G.  M.,  elected  Graduate,  103. 
Pirrie,  J.  S.,  Memoir,  97. 
Platt,  J.,  Remarks  on  Steel  Steam-Pipes,  247. 
President's  Address,  106.    See  Address  by  the  President. 
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Price,  J.,  elected  ]\rember,  102. 

Pritchaed,  H.,  elected  Associate  Member,  102. 

Ptrosieter,  Electrical  Platinum,  155, 164,  197,  221.    See  Steam  Superheating. 

Eange-Findebs,  Paper  on  Telemeters  and  Range-Finders  for  naval  and  other 
purposes,  by  Professors  Barr  and  Stroud,  33. — Telemeters  and  range- 
finders  in  general,  33. — Principle  of  telemeters,  33;  short-base  single- 
observer  range-finder,  34. — Alignment,  35. — Limits  of  accuracy  attainable, 
36. — Methods  of  producing  alignment,  39. — Optical  details  of  naval  range- 
finder,  refi^cting  prism,  40;  scale,  41;  reflectors,  43;  eye-piece  prism 
combination,  45  ;  astigmatiser,"  46. — Mechanical  details,  frame,  47 ;  case, 
49 ;  supports  of  frame-work,  50  ;  gear,  51 ;  adjustments,  53 ;  electric  lamp, 
stand,  55. — Uses  for  gunnery  and  navigation,  55. — Hand  distance-finder, 
or  portable  single-observer  range-finder,  57. 

Discussion. — Barr,  A.,  Method  of  using  naval  range-finder,  59 ;  its 
accuracy  and  permanency,  60. — Mallock,  A.,  Eye-piece  prisms,  61. — 
Barr,  A.,  Magnifying  power,  61. — Mallock,  A.,  Defining  power  of 
telescope,  61 ;  division  of  image,  62 ;  Mallock  range-finder,  63. — Boys, 
C.  v..  Double-prism  eye-piece,  63 ;  defining  power  of  lens,  64 ;  refracting 
prism  of  small  angle,  65. — Greenhill,  A.  G.,  Time  occupied  in  finding 
range,  66. — Hilger,  A.,  Manufacture  of  prisms,  67 ;  quality  of  glass,  and 
magnifying  power,  68. — Wicksteed,  J.  H.,  Length  of  scale,  69. — Head, 
A.  P.,  Angle  of  field  of  view  ;  hand  distance-finder,  69  ;  bos-sextant  for 
land  observer,  70.—  Stroud,  W.,  Length  of  scale  ;  range-finding  for  objects 
in  motion ;  eye-piece  prism  combination ;  travelling  prism  for  producing 
optical  shift  of  image,  71 ;  acciiracy  of  instrument,  72 ;  size  of  aperture  of 
telescope  field  ;  Mallock  telemeter ;  overlapping  images.  73. — Barr,  A., 
Use  of  range-finder  in  rough  weather,  74 ;  comparison  of  observed  and 
verified  distances,  75 ;  physical  limitations  to  resolving  power  of 
telescopes,  76 ;  experiments  on  alignment  of  separated  and  overlapping 
images,  77 ;  graduation  of  scale,  78. — Richards,  E.  W.,  Vote  of  thanks  for 
paper,  78. 

liAWORTH,  J.  S.,  Remarks  on  Steam  Superheating,  175. 

IiAYXER,  H.  S.,  elected  Associate  Member,  102. 

Report  of  Council,  3.    See  Council,  Annual  Report. 

Richards,  E.  "W.,  elected  President,  28. — Remarks  on  taking  oflice  as  President, 
29 : — on  vote  of  thanks  to  retiring  President,  31 : — on  Range-Fiiiders,  78  : 
— on  Marino  Horse-Power,  89. — Address  at  Spring  Meeting,  106;  see 
Address  by  the  President. — Acknowledgment  of  vote  of  thanks,  133. — 
Remarks  on  Steam  Superheating,  185,  199,  223  :^n  Steel  Steam-Pipes, 
2.12,  251. 
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Robinson,  L.  S.,  Remarks  ou  Marine  Horse-Power,  S7. 

Robinson,  M.,  Remarks  on  Steam  Superheating,  207  : — on  Steel  Steam-Pipes,  249. 

Said,  Marslial  M.,  Memoir,  97. 

Samuel,  B.  L.,  elected  Associate  Member,  2. 

ScANLAN,  H.  E.,  elected  Associate  Member,  102. 

ScHoNHETDEE,  W.,  Remarks  on  Steam  Superheating,  217 : — on  Steel  Steam- 
Pipes,  243. 

ScRiVEN,  C,  elected  Member,  102. 

Seddon,  R.  B.,  Memoir,  99. 

Shapton,  W.,  Memoir,  260. 

Simpson,  N.  de  L.,  elected  Graduate,  103. 

Spring  Meeting,  Business,  101. 

Steam-Pipes,  Steel,  and  Benardos  Arc  Welding,  230.    See  Steel  Steam-Pipes. 

Steam  Superheating,  Paper  by  W.  H.  Patchell,  134. — Nature  of  steam 
superheating,  134. — Aim  of  superheating ;  early  attempts  at  superheating, 
135 ;  more  recent  efforts,  136. — Reasons  for  former  abandonment ;  i^resent 
elimination  of  old  hindrances  to  successful  application,  137. — Re- 
introduction  of  superheating  apparatus ;  Gehre's  superheater,  139. — 
Musgrave  and  Dixon's,  140. — McPhail  and  Simpsons',  142. — Induced 
draught  by  fan,  153. — Schwoerer'a  superheater,  156. — Sinclair's,  159. — 
Amount  of  superheat,  159. 

Discussion. — Patchell,  "W.  H.,  Increased  evaporation  with  superheater ; 
later  tests  of  Schwoerer  and  of  McPhail  superheaters,  161. — Kennedy, 
A.  B.  W.,  Sinclair  superheaters  at  Edinburgh  electric  lighting  station, 
164;  platinum  thermometers,  164;  saving  effected,  165  ;  tabulated  results 
of  tests,  166 ;  covering  of  steam-pipes,  boilers,  and  flanges,  168 ;  early 
marine  engines  with  superheaters,  168 ;  duty  per  cubic  foot  of  boiler 
house,  168. — Longridge,  M.,  Degree  of  superheat  to  be  aimed  at,  169 ; 
mode  of  obtaining  desired  superheat,  171 ;  tabulated  results  from  four 
kinds  of  superheaters,  172-3 ;  proper  place  for  sui^erheater,  and  head  of 
temperature  necessary,  174 ;  rate  of  heat  transmission,  175. — Raworth, 
J.  S.,  Coal  economy  with  superheater,  175 ;  superheated  steam  more 
economical  than  saturated,  176  ;  McPhail  superheater  mainly  an  addition 
to  boiler  power,  177;  existence  of  water  in  presence  of  superheated  steam, 
178. — Davey,  H.,  Superheating  economical  but  difficult,  178;  effect  on 
engine  economy,  179;  superheat  from  waste  heat  of  boiler,  180;  high 
superheat  for  preventing  initial  condensation,  181. — McPhail,  H., 
Superheater  controlled  by  boiler  pressure  with  regular  firing,  181 ; 
uniform  temperature  ensuring  dry  steam,  182 ;  superheated  steam  remains 
dry  below  temperature  of  saturation,  182 ;  no  sediment  in  superheating 
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tubes,  1S3. — Cioslaud,  J.  F.  L.,  Early  form  of  superheater,  and  difficulty 
in  lubricating  engine,  183;  economy  resulting  from  superheat;  efficiency 
of  IMcPhail  superheater,  184. — Patchell,  W.  H.,  Evaporation  from  water- 
tube  boilers;  advantage  gained  by  superheating,  185;  freedom  from 
scaling  of  superheater  tubes,  186. — Unwiu,  W.  C,  Three  ways  of  using 
steam,  186 ;  economy  from  superheated  steam  is  an  engine  gain,  187 ; 
ancient  superheating,  188 ;  boiler  economy  and  engine  economy,  189 ; 
chimney  waste;  action  of  McPhail  superheater,  190;  calculation  of 
evaporation,  191 ;  regulation  of  temperature  of  superheated  steam,  192 ; 
economy  from  superheating,  in  steam  and  in  coal,  193. — Phillips,  J., 
"Wethered's  combined  steam,  193. — Unwin,  "W.  C,  Wetliered's  plan,  194. — 
Halpiu,  D.,  Date  of  ditto,  194. — Doukin,  B.,  Pieasons  of  economy  of 
superheated  steam,  194 ;  reported  experiments,  196. — Burstall,  F.  "W., 
Platinum  thermometer,  197. — Perrctt,  E.,  Experimental  engine  with 
superheated  steam,  199. — Richards,  E.  W.,  Temperature  of  superheated 
steam,  199. — Head,  J.,  Boulton  superheating  engine,  200 ;  tabulated 
resTilts  of  trials,  202-5 ;  fire-brick  regenerative  superheater,  206. — Carter 
E.  T.,  Water-gas  from  fire-brick  superheater,  207. — Head,  J.,  Absence  of 
evidence,  207. — English,  Lt.-Col.  T.,  Dissociation  of  steam,  207. — 
Kobinson,  M.,  Heat-uuits  from  fire-brick  superheater,  207. — Head,  J., 
Records  of  experiments,  207. — McPhail,  H.,  Freedom  from  risk  in 
superheating,  208 ;  automatic  regulation  of  temperature ;  action  of 
superheater,  209;  radiating  pipes  of  steel,  210;  eflfects  of  sending 
superheated  steam  direct  to  engines,  211. — Fletcher,  L.  E.,  MoPliail's 
and  Musgrave's  superheaters,  211 ;  tabulated  tests  of  Musgravc's 
superheater,  212-15;  saving  efiected,  21G. — Schonheyder,  W.,  Separate 
furnace  for  superheater ;  deterioration  of  superheater  pipes,  217. — Patchell, 
"W.  H.,  Economy  from  superheating  dry  steam,  218;  efficacy  of  small 
degrees  of  superheating;  regidation  of  temperature;  cold  feed,  219; 
Schwoerer  superheater  tests,  220 ;  gain  from  McPhail  superheater ; 
Burstall  pyrometer,  221 ;  expeiimental  engine  with  fire-brick  superheater ; 
early  use  of  combined  steam,  222 ;  position  for  superheater ;  freedom  of 
pipes  from  deterioration,  223. — Richards,  E.  W.,  Vote  of  thanks  for  paper, 
223. — Booth,  W.  H.,  Superheater  pipes;  increase  in  boiler  capacity  by 
superheating ;  Solignac  boiler,  224 ;  superheating  prevents  loss  from 
wetness  of  steam,  225. — Geipel,  W.,  Superheating  less  ecunomical  for 
high-speed  than  for  low  speed,  and  for  multiple-expansion  than  for  single- 
cylinder  engines,  225  ;  loss  by  radiation  and  conduction,  227 ;  rate  of  coal 
consumption,  228. — Patchell,  "W.  U.,  Evil  eflfects  of  simple  flue 
superheater ;  superheat  by  wire-drawing  is  merely  nominal ;  mixed 
superheated  steam,  228 ;  rate  of  eva]wration,  229. 


Aj^kil  189G.  INDEX.  269 

Steel  Steam-Pipes,  Paper  on  Steel  Steam-Pipes  and  Fittings,  and  Benardos 
Arc  Welding  in  connection  therewith,  hy  S.  MacCarthy,  230.— Cast-iron 
and  copper  pipes,  230;  wrought-iron  and  steel  pipes,  231. — Corrosion, 
231. — Thickness  of  metal,  232. — Methods  of  manufacture,  233.— Roll 
welding ;  gas  welding,  231. — Benardos  arc  welding,  235 ;  flanges, 
outlets,  branches,  and  tee  pieces,  236  ;  bends  and  expansion  pipes ;  length 
and  size  of  arc ;  strength  of  electric-welded  flanges,  237. — Other 
applications  of  arc  welding,  238. — Joints  ;  bolt  holes,  239. — Experiments 
on  electrically  welded  bars,  239-242. 

Discussion. — MacCarthy,  S.,  Specimens  of  arc-welded  steel  pipes  &c., 
243. — Schonheyder,  W.,  Sharp  corners  inside  welded  pipes,  243. — Halpin, 
D.,  Joint  for  high-pressure  steam-pipes,  244.— Howell,  S.  E.,  Electric 
soldering;  tests  of  welding  of  steel  tube s  by  rolls,  244 ;  electric-welded 
and  gas-welded  bars,  245  ;  welding  of  flanges  ;  corrosion  of  steel,  246. — 
Piatt,  J.,  Seamless  pipes  drawn  cold  from  solid  ingots,  247  ;  arc  welding 
for  steel  castings ;  flanges  shrunk  on  and  riveted  over,  248 ;  copper  ring 
for  pipe  joint,  249. — Eobinson,  M.,  Experiments  with  lap-welded  and 
weldless  steel  tubes,  249 ;  copper  rings  for  pipe-joints  and  flanges,  250. — 
Jenkiu,  C.  F.,  Tests  with  Thomson  electric  welder,  250. — Carter,  E.  T., 
Electric  welding  is  not  mere  soldering  or  fusion ;  cost  of  electric  and 
ordinary  welding,  251. — Richards,  E.  W.,  Length  of  pipe  welded,  252. — 
MacCarthy,  S.,  Corners  left  inside  welded  joints ;  joints  for  steam-pipes, 
252  ;  soundness  of  electric  welding ;  roll- welded  steel  tubes ;  corrosion  ; 
solid-drawn  pijies,  lap-welded  and  weldless  tubes,  253  ;  screwed  collars  or 
flanges  for  pipe-joints  ;  cost  of  welding,  and  length  of  welded  i)ipes,  254. 
— Richards,  E.  W.,  Reliable  steam-pipes,  254. 

Stewart,  C.  N.,  elected  Associate  Member,  2. 

Stobart,  H.  G.,  elected  Associate  Member,  102. 

Steocd,  W.,  Paper  on  Telemeters  and  Range-Finders  for  naval  and  other 
purposes,  33. — Remarks  on  ditto,  71. 

Superheating  Steam,  134.     See  Steam  Superheating. 

Taylor,  J.  H.,  elected  Associate,  2. 

Telemeters  and  Range-Finders,  33.     See  Eange-Finders. 

Thermometer,  Electrical  Platinum,  155,  164,  197,  221.  See  Steam  Superheating. 

Thom,  F.,  elected  Graduate,  2. 

Thomas,  J.  M.,  elected  Member,  102. 

Tipping,  H.,  Memoir,  99. 

Toone,  AV.  C,  elected  Member,  102. 

Trafford,  a.,  elected  Associate  Member,  2. 

Trotter,  A.  P.,  elected  Member,  102. 


270  INDEX,  Ai'Rii,  189(5. 

Umney,  H.  W.,  elected  Associate  Member,  2. 

Unwin,  W.   C,  nominated  Honorary  Life   Member,  26. — Remarks   on   Steam 
Superheating,  186,  194. 

Vaizey,  J.  L.,  Memoir,  2(J0. 
Vallfst,  F.  W.,  elected  Associate  Member,  102. 

Vote    of    Thanks,    to    retiring   President,    30-31  :— to    Institution    of    Civil 
Engineers,  32,  104  : — to  President  for  Address,  130. 

Walker,  A.  T.,  elected  Member  of  Council,  28. 

Watson,  J.  F.,  elected  Member,  102. 

Welding,  Benardos  Arc,  230.     See  Steel  Steam-Pipes. 

Wheeler,  P.,  elected  Member,  102. 

WiCKSTEED,  J.  H.,  Remarks  on  Range-Finders,  69. 

WiLLCOX,  F.  W.,  Memoir,  100. 

WiLLLAMSON,  J.,  elected  Member,  102. 

Wiseman,  A.,  elected  Associate  Member,  2. 

Wood,  W.  C,  elected  Member,  2. 


RANGE-FINDERS. 

Fig.  1.     Bach  view  of  Naval  Eange-Finder. 
{Eye  side.) 


Plate  1. 


Mechanical  Engineers  1896. 


RANGE-FINDERS. 

Fig.  2.     Front  vieio  of  Naval  Bange-Finder. 
(Window  side.) 


Plate  2. 


Mechanical  Engineers  1896. 


\Pl.  3. 


8 


•TS 


CO 

cc 

LU 
Q 

z 
ll. 

LU 

o 

z 
< 


c§    ^^■ 


^ 


I 


i 


do 


a 


Contirix^cLtCon    in    Pldte    S. 


P/a/e  ^. 


5> 
<3 


Plafe  6. 


.5ee    C'onlinu.a.tCort_       in,      Plecie    ^. 


RANGE-  FINDERS.  J'hOe^  6. 


Fig:  10. 


Mechanicctl     En^irve-ers     1896. 


RANGE  -  FINDERS. 

Fio-  17.         Adie  ,    1860. 


PhiU  7. 


Figgis.  ChrisUe,  1886. 


Fig  19.      Barr   and   Stfowd,1888. 


Fig;  21.      Socd-e^. 


YccrcLi 
250  300 


4-00  500 


Thuntscurvd^ 
1  2         5* 


u^echcmLcaZ      Enxfitieers     1896. 


RANGE-FINDERS.  Flale,  S. 


Fig:  23.    Le/t  -  eve  FiehL. 


Fio".  24.    2£/'roT\ 


Fig  25. 


Over7j[ipptiic/     zfTKi^es. 


Fig.  26. 
A  Lighl. 


Fig.  27. 


Search  -Li^hf  Effecb. 


MechaniccU   -Enffineer-A-   1896. 


RANGE  -  FINDERS.  FLale  3. 

Eye-  -piece        Pinsrn       Com-htrtaitort . 
Pig  28.    Plarv. 


Fig:  29.      ElevaiioTty. 


Fio:  30.  Arran^enuent    of  Jiz^kt  Eye -piece   and  AsUfftrvaMset^ 


^echafUcixZ   JSn^uteers     JS96. 


RANGE-  FINDERS. 

Fig:  31.    LeiY -h^nA     Sitppoi^t 


PI  ale  JO. 


Fia;  3_.  Jli^hf  ~ /tojid     Support. 


AfeckantraJ  Engineers  1896. 


RANGE-  FINDERS. 


FlaUll 


Ficr  33.    Driviiif)     Gear,    and     Coincidence.    Adjustment. 

Ix 


Fio:  y^.    ft&fractin^  -Pri^vr     Gear. 


Cotipliri  ff. 


Fio-.  35. 


T-nnn 


Fio:  36. 


Mechafiicctl    jEn^ineers    1896. 


Fig:  38. 


RANGE-FINDERS. 

Figr.  37.       Frojrve- -  worh 


Plate^  J 2. 


RcLcitai^rv.  / 


Fio:  39. 


Fign  4<0.     IfalvUvff      Ge^ir. 


J^echcaticttl    Bngtne^rs    1S9G. 


i 


I 


PLcLte^  IS. 


MecJiyOLTvooaJy  ^nxfirve^rs    1896. 


I 


bt 


^ 


Fl^Ue  15. 


\ 


PU6. 


PRESIDENTS    ADDRESS. 


Plate  17. 


Fio-.  1.      Cleveland    Tron     ^fVorhs,    Eslojr 
Old     line.^     of    A^P  &    Fix^nttc^. 


Mer^harviccLl'   Engineers    1896. 
feet  JO  6  0  lO 


Scale  '/m^ 

20  30  -f-OFopf 


PRESIDENT'S     ADDRESS. 
Pier.  2 . 

./arrow,     N?  S    Fiirnace^. 


/laie  J^. 


Mechanical  Bnaine^y^S  JS96.  ScoU    /J80  . 

Fe.f  JO  S  O  JO  W  JO  40Ieet 

I  ■  ■  ■  ■  I i -i ' ' 


PRESIDENT'S     ADDRESS. 


riai^lO. 


Yi^.  3. 
'Jeu^vw,  3''?  S  FurruLce . 
Alter'aMorz      of    HosJiy. 


Fig:    4'. 
DowlcvLs,  Ccirdz/T. 
jV?  Z    Fitrnace/. 


\f(tch/x:nir<i]'    Eriffiri.ee.rs     18,90. 
Feel  JO  6  O  10 


20 


SoaJ4,  1 180^ 


■*OFeet 


PRESIDENTS     ADDRESS. 


Plate  20. 


Fio".  5. 

o 
Xrwpot^t, 

^ 'P  6  Fij /-ff  ftce ■ 


Fig  6. 

Coch^r-iZt , 

A'^?  o   Fit rn ace 


fWf  W  .5  O  to 


20 


,->,0  fOFppf 


I 


PRESIDENT'S     ADDRESS.  Fictle  21 

Ficr.  7.      Edx/df'     Thornson     I'ltmcice . 
Secorvd      Lintn^      of    Fix^rh<voe^      H. 


^echMTttcaly    Engineers    1896. 

Fe^'t   lO  6  O  lO 

I  ■  ■  ■  '  I  ■  '  '  ■  I \ 


20 


30 

L 


4iO  Te^y 


PRESIDENT'S     ADDRESS.  Plate  22. 


Fio^  8. 
Came  (fie 
latest       new 
Furnace . 


'cale   ^180^^ 


PRESIDENT'S     ADDRESS.  FlaU  23. 

Pig:  9.    JfoescTi'    FjirrhCf^oe^. 


Mechantcfil'  Engineers   J 896. 
feet  JO        SO  JO  ZO 


ScaU  yZ40  ^ 

30  4-0  50  60F«eV 


PRESIDENT'S     ADDRESS.  PUxtc.  24. 

Fip-.JO.     PLfifV    of     Jloe^oft     St*'-e/        tVork^,    Dortiru/^i^ . 


MecJ'uutic<il   Krigui^'ers  IS!) 6. 
FeeLlflO     ,50       0^  100  WO 


SiUtJe,    'ZOO   feet    io    arv    inch. 

:W0  400  600  800  Feel 


PRESIDENT'S   ADDRESS.  Plate  25. 

Fig.  11.       Vertical    Compound   Blowing    Engine 
at  Carnegie  Duquesne  Steel  Works,  Pittsburg. 


Mechanical  Engineers  1896. 


PRESIDENT'S     ADDRESS.         Plate  26. 


Vprtical     Compound      B I  on'iti<jf     Eirt^tri^.. 


Pio-  12. 
o 

Jronl 
£levaiion, 
/'ly-wke^I 
I'prnoved.. 


Alechcuiie-aJ.    £ricfitt€^fs    JS90. 

O  S  JO 


Scale    ^90 


1  an  ih 


ir, 


zo 


2SFeet 


PRESIDENT'S      ADDRESS.        Pl<ile  27. 


Ficr.  13.  £!ti<1    Ele^vaivan 

o 


at  Hiffh-pressxire   end 


1J,J>,>,,UU>,„„„„ 


MecTuuiicnl    Sn^irte^rs    1896. 


JO 

L_ 


20  ZSFeet^ 


PRESIDENT'S     ADDRESS.        Plate  28. 


lertical      Coinpoinirl      Blowing      En^irve. 


Fio".  14".     End   Elevation 


jB  ai    Low-pressure    end,. 


O  6  lO 


1.5 


Scale   j90^(' 

20  ZSFeet 


PRESIDENT'S     ADDRESS.       PUUe  29. 


VerticcLL     Corapoiutd    Blowincj    Engine. 


Fio:  15.    Plcux^. 


Mech<ijnix:<il.     Ei 


n^irte^rs 


1896. 


Scale  ^90^ 


o 

LOU— 


1.5 


ZO 


Feet. 
25 

_, 1 


STEAM     SUPERHEATING. 

•e  vt  thick. 


Ptale  30. 

n 


_4 


FicK  2.     VerticaZ    Secticfrv. 
o 


Merhanicaf    Engineers    1896. 


Scale  {32''^ 


^ 


5i 

►5^ 

h 

Si 

^ 

< 

•lo 

^ 

s 

•<> 

'«*»* 

6 

^. 

z 

^ 

N 
^ 

1- 

^ 

s 

< 

UJ 

N 

X 

^ 

■^ 

tr 

i 

an 

u 

S5 

Q- 

^ 

ZD 

?v 

to 

•s 

:s 

^ 

;< 

< 

^ 

LiJ 


St 


Pfcde  31. 


^ 

s^ 

•< 

^ 

« 

\, 

»<i 

»w 

^ 

< 

>. 

«< 

■<>^ 

iC 

'>i 

V 

>* 

.6c"^ 

^ 

^     5 

c 

* 

1^, 

'N, 

*^ 

■W 

«5 

^fechanical    Enaineers  J896. 


I 


i 


STEAM     SUPERHEATING. 

Afc   Phxiii    and    Sirnjjsons. 
Fio'll.   Secliotidl   Pl(tn  ,    aboie   flues. 


Plate  3^. 


Fip'  12.   Lonifiimlinnl   S'e<-tion . 


Fig:  13.  SectimiaJ   Plan,  under  Hum. 


Scale  ^/96^- 


l/Q/'th 


Fia  14- 

Tyrm^-ver-.s-e    k    J   Secfi 


Fi<j.  l.S.  Back    Hew. 
o 


^ferfainical    J^Tff/rn^,er.'>-    Iff. 90. 


Settle  ^^^  ^ 


P/ate  35. 


J^lcUe-  36. 


Plaie  37. 


FLcOe.  38. 


O 

z 

< 
X 

a: 

UJ 
Q- 

z> 

CO 


< 

UJ 

I- 


I^Uile  39. 


I 


1^ 


STEAM      SUPERHEATING.  Flale  40. 

Fig  1!  9.    Oroslanft. 


:jj  Q03  \,M^^o>  . 


^ 

^ 

1 

M 

^A\          ^ig---^^- 

H 

^//  /v  '/////////////,'7'^y>^,..^^__^ 

2  Enqirui^ 

~    B — — — -— _ 

^  F   .  . . 

5  rrjcti  art 

w 

"~~^ 

(' 

\ 

^_ 

\ 

Flate^  ^1. 


To  chimney 


Mechajifcal     Erufirtcers    189(j. 


STEAM       SUPERHEATING.  Plale^?. 

PJafi  niifK        TheTnxom^ler. 
FicT  33.  Elexatifm.  Fioc  34-.    End     view. 


MerhanicaJ.    J^ru/ineers    J 896. 
IJnch     'x  o'  1 


Scale   ^^  size 

2  J  /nche*-       '/- 


i 


Plate  43. 


^ 
^ 


CO 
UJ 
Q. 

K. 
I 

< 

UJ 

I- 


UJ 
UJ 

I- 

(0 


STEEL      STEAM -PIPES. 


PlcUe  46. 


uVe<fative      Orrtfii^m.^     Main. 


Eieci^ir  —  Cccrbon     HoLcLer. 
Pla^  . 


Mechxin-LCyfil  EngCrvee^rs  lSb6 


STEEL     STEAM-PIPES. 
T'laJVCf  e   WeLdCttg . 


P Louie  46. 


Fig.ll. 

B 

^^w 

/M^i. 

B 

i 

IPm 

MedvcuvCcxil'   Engijiee-rs    L8SG. 


ScxxZe^      'A  ^ 


«0 

2s 


^ 


< 


STEEL      STEAM  -PIPES.  PUucJ^^. 


Figr.l8.      Copper  -  Riin^   JoirvL. 


Mec/icwur^jr/  Kngirve^rs  JSd6. 


STEEL      STEAM-PIPES. 


Plate  43. 


STEEL  STEAM-PIPES. 


Plate  50. 


Fig.  23. 

Lap-welded  Steel  Tube. 


Fig.  24. 
Weldless  Steel  Tube. 


Full  size. 


Mechanical  Engineers  1896. 


^fM^V;*- 


TJ 
1 

U 

1896 

pt.1-2 


Institution  of  Mechanical 
Engineers,   London 
Proceedings 


ngiuccringpL^3g  DO  NOT  REMOVE 

CARDS  OR  SLIPS  FROM  THIS  POCKET 


UNIVERSITY  OF  TORONTO  LIBRARY 


